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INTRODUCTION 

Artificial pneumothorax appears to have been first used in the treat- 
ment of pneumonia dunng the influenzal pandemic of 1918-19 by 
Adolphus D Rood (1), first Lieutenant, Medical Corps, U S Army, 
at Takoma Park, DC In a paper entitled "A Clinical Study of 
Influenza Pneumonia,” published in the New York Medical Journal 
in Its issue of March 22, 1919, page 499, he wntes in connection with a 
discussion of diagnostic lung puncture, as follows 

“It was mteresting to note that often the patient was greatly reheved 
by lung puncture, especially i£ a pneumothorax followed the operation, and 
it was not uncommon for patients to request that the operation be repeated 
Patients frequently showed a drop m temperature foUowmg puncture and 

I Presented in part before the Harvey Society, April 18, 1935 Aided by agrant from 
the Research Fund of Yale University School of Medicine and by gifts from Mr Howard 
L Goodhart and Mr Robert W Huntmgton 
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a temporary improvement in physical signs The cough and sputum would 
mcrease for a short time, followed by a marked decrease in the number of 
riles within a few hours 

“The results following this procedure led to the opmion that the produc- 
tion of a slight positive pressure in the side showing greater involvement 
might matenally aid in compressing the profuse exudate from the affected 
lobes With this purpose in view, an artificial pneumothorax was produced 
m three patients, mjectmg from 100 cc to 150 cc of air into the pleural 
cavity, m the same manner as has been frequently carried out in the treat- 
ment of tuberculosis 

“These three cases were considered hopeless at tune of mjection Two 
of the patients recovered, but the third one died three days following opera- 
tion Special mention of this case is of interest At the tune of pneumo- 
thorax the patient had been very ill for four days and was considered hope- 
less, being intensely cyanosed, dehrious, and moribund beyond a doubt 
One hundred cubic centimeters of air were injected into the left pleural sac 
The following day the patient became conscious and rational, and very few 
riles were to be heard m the chest of the side operated upon and breath 
sounds were quite distmct He continued to improve for thirty-sjx hours, 
when he agam became dehrious and comatose, dying forty-eight hours after 
operation 

“Autopsy showed a pneumothorax still present The lower lobe was 
compressed to one-thud its normal size and did not contain the usual amount 
of exudate, while the upper lobe which was not hemorrhagic showed but 
little compression and its functions were not interfered with by the artificial 
pneumothorax The use of this operation as a therapeutic measiue m 
selected cases is worthy of fiuther trial ” 

At about the same time and quite independently Friedemann (2) of 
the Rudolph Virchow-Krankenhaus m Berlm, imdertook the use of 
artificial pneumothorax in the treatment of patients with lobar pneu- 
moraa and in 1921 recorded the results obtamed in seven cases 
Familiar with the favorable effects of artificial pneumothorax in 
pulmonary tuberculosis, it occurred to him that its application in 
pneumoma might exert a beneficial mfluence on the course of the 
disease, in part by separation of the pleural surfaces but especially by 
immobilization of the acutely inflamed and constantly moving lung 
This supposition was apparently borne out, for he reports that during 
the introduction of air pleural pain diminished, breathing became 
easier, and the appearance of anxiety lessened Subsequently the 
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general toxic appearance diminished and the fever subsided, usually 
by lysis, though m one early case treated on the second day, recovery 
occurred on the third day by crisis 
Meanwhile W H Wynn (3), Hon Physician to the General 
Hospital, Birmingham, had been employing artificial pneumothorax 
m the treatment of pneumonia, for he wntes in the September 2nd 
issue of the Lancet, 1922, page 496, as follows “In a few cases with 
very severe pain I have separated the pleural surfaces by the introduc- 
tion of a small quantity of oxygen This is not difficult to those accus- 
tomed to artificial pneumothorax treatment, and I was favorably 
impressed with the immediate rehef given ” And again m the Birming- 
ham Medical Review (4), — “I have used this method in a few cases of 
acute pneumonia in which the pain has been very severe The change 
in a patient who is sleepless, restless, groamng, and eichausting himself 
to a condition of comparative ease is remarkable He often goes to 
sleep and the temperature falls The absorption of 300 or 400 cc of 
oxygen from the pleura must also be of some value ” No further 
details are recorded 

These imtial reports appear to have stimulated little interest, for 
dunng the ensuing ten years only three papers on the use of artificial 
pneumothorax in acute pneumoma appeared, — the first in 1921 by 
David (5), who reported very bnefly on the treatment of six cases, the 
second m 1928 by Schottky (6), who reported on the treatment of one 
case, and the third m 1931 by Taylor (7), who reported on three cases 
treated with oxygen primanly for the relief of pleural pain as advo- 
cated by Wynn (3) 

Although no other communications on the use of artificial pneumo- 
thorax in acute lobar pneumoma appeared dunng this penod of ten 
years, four papers were published dealmg with the use of artificial 
pneumothorax in the treatment of prolonged and complicated cases of 
bronchopneumonia in mfants and young children In 1928 Ibrahim 
and Duken (8), havmg observed the cntical recovery of an infant 10 
months of age immediately following a traumatic pneumothorax 
brought on by thoracentesis for an interlobar pleural effusion, re- 
ported the use of artifiaal pneumothorax in two infants with broncho- 
pneumonia, in one case complicated by an interlobar pleural effusion, 
in the other by bronchitis and probable bronchiectasis Apparently 
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favorable results attributed by them to the treatment ensued In 
1929 Klotz (9) descnbed the treatment of four sunilar cases m chil- 
dren with critical cure in one, apparent benefit in a second, question- 
able efiect in a third, and no effect in the fourth In 1930 Duken (10) 
reported five additional cases and Jahr and Neumann (11) added five 
more in the same year The use of artificial pneumothorax in pro- 
longed and complicated cases of bronchopneumonia in infants and 
children obviously has little bearmg on the use of this procedure in 
acute lobar pneumoma and consequently need not be discussed further 
here 

In 1932, following Coghlan’s (12) stimulating report on the treat- 
ment of six cases of acute lobar pneumonia, a widespread study of the 
usefulness of artificial pneumothorax m this disease began Thus, in 
the same year, Perlroth and Topercer (13) reported on the treatment 
of 7 cases, Guadarrama (14), 1 case, Viswanathan (15), 7 cases, Ander- 
son (16), 3 cases, and Li (17), 6 cases In 1934 Moorman (18, 19) re- 
corded 10 cases, Lieberman and Leopold (20), following a study of the 
effect of artificial pneumothorax on experimental lobar pneumonia m 
dogs, 1 case, Behrend and Cowper (21), 11 cases, Blake, Howard and 
Hull (22), 22 cases, and in 1935 Hmes and Bennett (23), 12 cases, and 
Holmes and Randolph (24), 18 cases, making a total of 124 cases 

All of these reports have dealt largely with the effect of artificial 
pneumothorax on the clmical phenomena and course of pneumonia 
In addition some have engaged in a purely theoretical discussion of 
the mechanisms by which the observed effects were supposedly 
brought about With commendable caution nearly all have avoided 
a statistical analysis of the effect of artificial pneumothorax on the 
case fatality rate, the incidence of comphcations and the duration of 
the disease and there would appear to be no valid reason for under- 
taking such an analysis at present, smce the material dealt with is 
highly selective and the vanables are too numerous and immeasurable 
to justify mathematical treatment 

Four matters of interest, however, may be bnefly commented on, 
namely, the apparent mfluence of artificial pneumothorax on at least 
some of the clinical phenomena of lobar pneumonia, its apparently 
variable effect on the course of the disease, the procedure followed with 
respect to the frequency of treatments and the amount of air intro- 
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duced, and the theoretical reasons which have been advanced in 
explanation of the beneficial influence which artifiaal pncumotliorax 
IS supposed to exert 

The four most striking clinical effects recorded are (a) prompt relief 
of pleural pain, an occurrence emphasized by nearly all who have used 
the method, (6) relief of dyspnea, a phenomenon particularly referred 
to by Friedemann (2), Taylor (7), Coghlan (12), Behrend and Cowper 
(21), TTinpg and Bennett (23), and Holmes and Randolph (24), (c) the 
frequent, though by no means uniform occurrence of a cntical fall in 
temperature shortly after the induction of artificial pneumothorax, 
sometimes permanent, though often only temporary, a phenomenon 
stressed particularly by David (5), CogUan (12), Perlroth and Top- 
ercer (13), Guadarrama (14), Anderson (16), and Behrend and Cowper 
(21) , and (d) a marked improvement in the so called general toxic 
phenomena of the disease, emphasized especially by Friedemann (2), 
Coghlan (12), Moorman (19), Behrend and Cowper (21), and Holmes 
and Randolph (24) Other less frequently recorded climcal eflects 
have been diminution of cyanosis, lessenmg of cough, and decrease m 
the amount of sputum (21), and m one case relief from persistent 
hiccoughs (23) 

The possible effect on the course and outcome of the disease is 
extremely difficult, if not impossible, to evaluate from a cntical study 
of the cases reported in the literature, m the first place because bacteri- 
ological studies of the type of infection are recorded m only a few 
instances (20, 21, 22, 24), the presence or absence of bacterenua even 
less frequently (20, 21, 22) and the time of appearance of humoral 
antibodies only once (22), and m the second place because a large 
majonty of the cases have not been treated until the fourth day of 
the disease or later (fig 1) 

Such analysis, however, as can be made from the data presented 
would seem to show that under treatment w ith artifiaal pneumothorax 
lobar pneumonia pursues one of three courses, making it possible to 
divide the cases into three groups (fig 1) In the first group com- 
pnsing 46 of the 93 cases analyzed, = there was no noticeable effect on 

• In this analysis 6 cases of bronchopnenmonia, 3 cases in which the day of the disease 
■nas unknown, and the 22 cases reported by Blake, Howard and Hull (22), ha\e been 
omitted 
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administered from 18 to 48 hours apart, while only 11 cases received a 
third treatment and only 2 a fourth It furthermore should be 
emphasized that the amount of air introduced into the pleural cavity 
at each treatment was usually not more than 300 to 500 cc and that 
only 9 cases received a total of more than 1000 cc , the maximum 
amount given being 1650 cc in 2 cases From this data it would 
appear that msufiicient air was introduced to cause more than a 
moderate collapse of the involved lung in the great majority of cases, 
particularly if the collapse was not selective, and there is no sigraficant 
evidence presented to show that selective collapse of the involved lobe 
took place nor does a study of the roentgenograms portrayed (19, 21, 
23, 24) indicate that such was the case 
Three major theones have been advanced in explanation of the 
influence of artificial pneumothorax on tlie clinical course of lobar 
pneumonia, adherence to a particular theory apparently having 
depended upon the author’s conception of the pathogenesis and nature 
of the disease 


The most frequenUy advocated theory is that advanced by Fnede- 
mann (2), namely, that pneumothorax immobilizes or at least rests 
the acutely inflamed and constantly moving lung, thereby reducing the 
absorption of toxic products He beheves that this is accomplished by 
checking the drainage of lymph from the affected lobe At the same 
time separaUon of the inflamed pleural surfaces assists by rehevmg 
pleural pain with consequent mental and physical rest wIiirL ^ 
dieved by W^n (4), Taylor (7) and S Z 

greatest importance The foregoing theory is in the ^ ‘ 
to by David (5), Schottky (6), CoghlaS s^bsenbed 

(19) and Behrend and Cowper (21) but 2t^ 

additions Thus Schottky^ . Sht S 77 

man (19) and Holmes and SandolS 
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While most of those who believe that the blood-flow through the 
collapsed lung is diminished, attribute this directly to the presence of 
the pneumothorax, Duken (10) argues that the lower intrapleural 
pressure on the untreated side draws a larger proportion of blood to 
that lung Friedemann’s theory, which may properly be designated 
“the lung rest” theory, would appear to depend upon the conception 
that lobar pneumonia is primarily a bronchogemc, local, pulmonary 
infection, the general phenomena of which are due to the absorption 
of toxic products from the inflamed lung, either by lymphatic drainage 
or directly into the blood stream 

The second theory is that proposed by Perlroth and Topercer (13) 
and depends upon their stated belief that lobar pneumonia is primarily 
a general infection with secondary elective localization of the infection 
in the lung Being unable to harmonize this conception of lobar 
pneumonia with the apparent beneficial effect of local pulmonary rest 
treatment and being somewhat skeptical of the supposition that the 
introduction of a relatively small amount of air into the pleural cavity 
really immobilizes the involved lobe through selective collapse, they 
attribute the beneficial results of pneumothorax treatment to a pleural 
stimulus which m some way mobilizes antibodies against infection 
Anderson (16) also suggests that pneumothorax treatment may be 
followed by a flood of antibodies into the general circulation but 
regards this possibility as being due to a lessenmg of the flow of toxins 
from the compressed lung, thus permitting an excess of antibodies to 
appear 

The third theory, proposed by Holmes and Randolph (24), is de- 
pendent upon an acceptance of the theory of Coryllos and Birnbaum 
(25) concerning the pathogenesis of lobar pneumonia According to 
this theory lobar pneumonia is primarily a pneumococcic infection of 
a bronchus resulting in occlusion of the bronchus by a tenacious plug 
of exudate Following bronchial occlusion lobar atelectasis takes 
place, beginning at the periphery and progressing toward the hilum 
Pneumococcic cellulitis proceeding peripherally ensues If bronchial 
occlusion is relieved early, tlie disease is abortive, since clearing of the 
plugged bronchus precipitates tlie crisis, an event which usually occurs 
between the 5th and 8th days On the basis of this conception Holmes 
and Randolph (24) suggest tliat it may be possible artifically to free 
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the plug by giving pneumothorax treatment, and thereby to induce 
an early cnsis At the same time through increase in mtrapleural 
pressure spread of the infection from the hilum may be retarded 

EXPEEBIENTAL OBSERVATIONS 

In undertaking our own studies on the use of artificial pneumothorax 
m lobar pneumoma, now compnsing observations on 42 cases, it 
seemed to us important from the beginning not only to have a working 
theory concermng the pathogenesis and pathology of the disease, par- 
ticularly m Its early stages, as a basis for interpretation of the means 
by which artificial pneumothorax nught influence the morbid process, 
as others have done, but also to gather observations which might 
serve to answer some of the theoretical questions raised, as well as the 
more obvious practical question concermng the therapeutic usefulness 
of the procedure While these observations have been gathered dunng 
the course of our studies, it seems desirable to present them here, 
reserving the observations on the effect of artificial pneumothorax on 
the clmical phenomena and course of the disease till later 

Pathogenesis of lobar pneumonia 

Three major theones concerning the pathogenesis of lobar pneu- 
moma have been referred to, namely, (o) that it is pnmanly a general 
infection ivith secondary hematogenous pulmonary localization, (6) 
that it IS pnmanly a local, bronchogemc infection of the lung, the 
general manifestations of toxemia and bacteremia being secondary, 
and (c) that it is primarily a bronchogenic infection imtiated by the 
occlusion of a bronchus with an infected plug of mucus with resulting 
lobar collapse and subsequent spread of the infection through the col- 
lapsed parenchyma 

The first theory that lobar pneumoma is hematogenous in origin 
has no expenmental support, since attempts to produce the disease in 
normal ammals by intravenous or subcutaneous moculation of pneu- 
mococci have consistently failed (26, 27, 28, 29) Furthermore, it is 
difficult to harmonize the established fact that lobar pneumonia 
usually begins as a unilobar infection with a theory of hematogenous 
ongm, since it would be expected that multiple foci of infecUon would 
develop more or less concomitanUy throughout the lungs as does occur 
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in Staphylococcal pneumonia of hematogenous origin and in miliary 
tuberculosis 

The second theory that lobar pneumoma is bronchogenic in origm, 
is supported by the early experimental studies of Wadsworth (26), 
Armstrong (28), Lamar and Meltzer (30), Wollstein and Meltzer (31), 
and Wintemitz and Hirschfelder (32) and would appear to have been 
firmly established m 1920 by the studies of Blake and Cecil (29) on 
experimental lobar pneumonia in monkeys, since they showed, follow- 
ing prelimmary expenments by Opie, Freeman, Blake, Small, and 
Rivers (33) which demonstrated the susceptibility of this animal,® that 
the intratracheal introduction of minute amounts of pneumococcus 
culture consistently produced t)rpical lobar pneumonia, while intra- 
venous or subcutaneous inoculations consistently failed to do so in 
spite of the fact that a pneumococcemia of some days’ duration 
ensued Schobl and Sellards (34) have confirmed this result by finding 
that pneumonia could be experimentally produced in monkeys by 
intratracheal injection of pneumococci but not by intravenous inocu- 
lation, even though sterile broth or suspensions of killed pneumococci 
were injected mtratracheally at the same time 

The third theory, advanced by Coryllos and Birnbaum (25), that 
lobar pneumonia is a bronchogenic mfection initiated by bronchial 
occlusion with a plug of infected mucus with subsequent lobar collapse, 
is supported by them with expenments in dogs and by citation of a few 
human cases On the other hand there would appear to be no con- 
vincing evidence that bronchial occlusion followed by lobar collapse 
commonly mitiates lobar pneumonia in man 

Two senes of observations have been made bearing on the moot 
theories of pathogenesis The first consists of roentgenographic 
studies in 24 patients ranging in time from four to sixty hours after 
clinical onset of the disease The second consists of intrapleural 
pressure determinations^ on the same patients shortly after the x-ray 
films were taken In the presence of lobar collapse resulting from 

’ The species of monLey is important Lobar pneumonia chnically and anatomically 
comparable to the disease m man is most satisfactonly produced m Ptlhecus phtltppmensts 
Gocfiry (sjmonyms, Macacus phthppinettsts and Macactis syrichlits) 

< All intrapleural pressure readmgs are expressed m centimeters of nater and represent 
the true intrapleural pressure, i e , the distance in centimeters between the w ater levels 
m the two arms of the manometer 
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bronchial occlusion in addition to the characteristic x-ray picture, 
the mean intrapleural pressure should be well below the normal range 
of —4 cm to —8 cm of water In only one case in the series was the 
picture of bronchial occlusion with lobar collapse encountered (fig 2) 
In this one instance, case T F , a man, 47 years of age, with pneu- 
monia of the right lower lobe, the disease was of 55 hours’ duration, 
and consequently the phenomenon of lobar collapse may have been 
merely an incidental event, occurring during the course of the disease 
and without relation to its inception In complete agreement with 
the roentgenographic observations, the only significantly low intra- 
pleural pressure found was in the same case, — 19 cm , all other cases 
showing pressures within the normal range (fig 3) From these two 
series of observations it would seem clear that no evidence was ob- 
tained that bronchial occlusion with lobar collapse played any signifi- 
cant role in the pathogenesis of the pneumonia m this group of cases 

In view of these observations, together with the evidence provided 
by the experimental studies cited above, the second theory concerning 
the pathogenesis of lobar pneumonia would appear to be the most 
acceptable, namely, that it is a bronchogenic infection, the inception 
of which is not dependent upon the occlusion of a bronchus with an 
infected mucous plug 

Evolulion of Ihc pnctanomc lesion 

With respect to the evolution of the pneumonic process m lobar 
pneumonia several different views are held The first, advanced by 
Weill and Mouriquand (35) and by Mason (36), who based their 
conclusions on roentgenographic studies of children with lobar pneu- 
monia, holds that the lesion begins peripherally and spreads centrally 
This view IS supported by anatomical studies of lungs from fatal cases 
of pneumonia by Loeschke (37), who further believes that the initial 
peripheral infection spreads progressively to contiguous alveoli 
through the interalveolar pores of Kohn and to contiguous lobules 
through septal windows, primarily through the agency of the earl}^ 
inflammatory edema characteristic of pneumococcal infection (Rhoads 
and Goodner (38)) and secondanly by distribution of the infected 
edema fluid through the smaller air passages Studies by Robert- 
son, Coggeshall and Terrell (39, 40) on expenmentally induced 
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lobar pneumonia m dogs support the foregoing conceptions to a con- 
siderable extent Ihc opposing view, advanced by Blake and Cecil 
(41, 42) and based by them on histological studios of lungs from 
monkeys with expenmcntal and spontaneous lobar pneumonia either 
sacnficed or dying earlv in the disease, holds that the infection orig- 
inates near the hilum and spreads pcripherilly bv way of the perivas- 
cular, peribronchial and septal lymphatics and interstitial tissues and 
that hepatization begins near the hihim and progressively spreads 
more or less rapidly toward the periphery' until complete lobar con- 
solidation has developed This view is supported by Sante (43) by 
means of serial roentgenographic studies of adults with lobar pneu- 
monia Experimental studies in rabbits by Permar (44) occupy an 
intermediate position, since they show that in this animal the process 
begins as a bronchial, atrial and alveolar lesion and that the infection 
spreads both peripherally and centrally by way of the interstitial 
tissues and lymphatics 

Evidence bearing on the foregoing questions concerning the path- 
ology of lobar pneumonia is provided by roentgenographic films in 
42 patients ranging in time from four to ninety hours after onset of the 
disease These films show the evolution of the pneumonic process 
from its preconsohdativc stage to the development of complete lobar 
consolidation in so far as it can be portrayed by the \-ray They 
would appear to support the view that in adults, at least, the process 
of hepatization begins centrally and spreads peripherally The 
largest series is from patients with pneumonia of the left low'er lobe 
and comprises twenty films ranging in time from four to eighty-eight 
hours after onset Six of these taken less than twenty-four hours 
after onset in the preconsohdativc or very early consohdative stage, 
arc shown m figure 4 None of them shows a peripheral lesion 
Furthermore, they lend credence to the view that the infection is 
spreading penphcrally by way of the tissues comprising the framework 
of the lung as shown by the appearance of the advancing margin of 
the lesion extending out from behind the cardiac shadow One of 
the sixteen hour and the twenty-three hour roentgenograms are from 
the same patient, case W L The further evolution of the lesion to 
the development of complete consolidation of the left lower lobe is 
shown in figure 5 
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I urthet support for the view that hepatization ordinarily begins 
near the liilum and spreads peripherally is provided in figures 6, 7 and 
8 b> means of pairs of posteroanterior and lateral films from seven 
patients The lateral films from cases V G (fig 6) and A W (fig 7) 
ivith pneumonia of the right upper and left upper lobes, respective!} , 
shou particularly ivell the illuson'- nature of the posteroanterior films, 
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that portion of a lobe supplied by one of the larger bronchial branches, 
the remainder of the lobe supplied by the other larger branch or 
branches, as the case may be, becoming involved later in the disease 
This IS easily demonstrable in the right upper lobe m which that 
portion of the lobe supplied by the dorsolateral bronchi is nearly al- 
ways involved first (fig 6, case V G ), that by the apical bronchi later 



Fig S Postero interior and Lateral Roentgenograms of Case E E , Left 
Lom-er Lobf, and Case H S , Left Lower Lobe 

The same is true of the left upper lobe (fig 7, case AW) Sometimes 
however, the portion of the left upper lobe supplied by the ventral 
bronchi, which corresponds to the middle lobe of the right lung (fig 6, 
case j\I S ), may be first involved (fig 7, case E K) In pneumonia 
of the lover lobes the portion supplied by the inferior bronchial 
branches is usually involved first (fig 6, case S C , and fig 8, case E 
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E ), that by the lateral branches later, although the reverse may 
occur (fig 8, case H S ) 

Mechanism by which arliftcial piteumolhoraX eXerls its cjfecls 

It will be recalled that three major theones have been-advaliced to 
cxplam the apparent effects o£ artificial pneumothorax on the clinical 
phenomena and course of lobar pneumonia Since the third of these, 
advanced by Holmes and Randolph (24), is based upon acceptance of 
Coryllos and Bimbaum’s (25 J theory of pathogenesis and the idea that 
dislodgement of a hypothetical plug of exudate from an occludedbron- 
chus precipitates the crisis, it would hardly seem tenable at present in 
the absence of more definite- supporting evidence and will not be 
discussed further here 

The second theory, namely that artifiaal pneunibthofax accelerates 
the appearance of antibodies either through a hypothetical pleural 
stimulus or by shutting off absorption of antigen from the collapsed 
lobe IS susceptible of study, smee previous work -by Dochez (45), 
Chickering (46), Blake (47) and many others, has shown that anti- 
bodies commonly appear in the blood m lobar pneumonia at or about 
the time of crisis We have, therefore, made frequent, often daily 
determinations of the agglutinin titre of the serum for the homologous 
type of pneumococcus m 32 of the 42 cases of lobar pneumonia treated 
by artificial pneumothorax The results of these studies are presented 
in table 1, from which it will be seen that there is no evidence in sup- 
port of the theory that artificial pneumothorax accelerates the appear- 
ance of agglutinins in the blood, since only 4 of the 32 cases, which is 
no more than a normal expectancy, had developed agglutinins by the 
sixth day of the disease, and only 10 by the eighth The theory that 
artificial pneumothorax accelerates recovery by stimulating or per- 
mitting an early development of humoral antibodies would, therefore, 
also appear to be untenable 

The first mentioned and most generally advocated theory, namely, 
that artificial pneumothorax exerts its influence by separating the 
inflamed pleural surfaces and immobilizing the acutely inflamed and 
constantly moving lung would a priori appear to be the most plausible 
That the pleural surfaces are separated by the introduction of air into 
the pleural sac, provided there is no interference from adhesions, is 
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easily demonstrable by roentgenographic study and is well established 
To what extent the inflamed lung is immobilized by artificial pneumo- 
thorax as it has been employed by most who have used the method in 
the treatment of pneumonia, and whether or not a localized pneumo- 
thorax with selective collapse of the involved lobe occurs as contrasted 
with a mantle pneumothorax over the whole lung, apparently have not 
been studied nor has it been determined to what level the mean intra- 
pleural pressure needs to be raised to accomplish immobilization 
At the beginning of our studies, then, an effort to determine whether 
selective collapse of the involved lobe took place following the intro- 
duction of relatively small amounts of air, was made In the first 

TABLE 2 


Character of pulmonary collapse fdlounng Z small pneumothorax treatments 


CASE 

DAY 

nnoLSTO 

LOBE 

AIB 

XESULT 

A C 

3 

R.L 

€C 

6S0 

Mantle pneumothorax, partial selective 
collapse of R L 

J r 

3 

Li 

fiSO 

Mantle pneumothorax, greater collapse of 
LU 

A M 

2 

LL 


Mantle pneumothorax, no selective collapse 
ofLL 

R D 

3 

RU 

750 

Mantle pneumothorax, no selective collapse 
of RU 

F R 

4 

RU 


Mantle pneutnolhoraT, no selective collapse 
of RU 


nme cases studied, five were without interfenng pleural adhesions 
In these five, x-ray films were taken before and after the introduction 
of relatively small amounts of air into the pleural cavity, amounts 
insufficient to cause complete collapse of the whole lung on the in- 
volved side The results, shown m table 2, indicate that a mantle 
pneumothorax rather than selective collapse of the involved lobe oc- 
curred In view of this the theory that selective collapse due either to 
decreased distensibility or to increased elasticity (Van Allen and Wu 
(48)) of the involved lobe would occur promptly in acute lobar pneu- 
moma following the introduction of a relaUvely small amount of air 
into the pleural cavity, was abandoned and the establishment of com- 
plete collapse of the whole lung on the involved side was undertaken 
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Subsequently roentgenographic and fluoroscopic studies were made to 
determine whether under these conditions expansion and contraction 
of the collapsed lung was abolished during respiration At the same 
time the motion of the mediastinum, diaphragm, and thoracic cage 
and the relation of the position of the subject to these was investigated 
and compared with that in the normal, problems which have been 
previously studied extensively (49) in connection with the use of 
artificial pneumothorax in pulmonary tuberculosis but not in lobar 
pneumonia 

Three patients were studied in detail The results are portrayed 
in diagrammatic form, the figures being traced directly from the x-ray 
films 

The first case, R C , a High School boy of 18 with a Type VII 
pneumococcal lobar pneumonia of the left lower lobe, who had received 
four pneumothorax treatments totalling 3220 cc of air, which was 
sufficient to cause complete collapse of the left lung, was studied in 
various positions four days after the last treatment, when convales- 
cence was well established At this time beginnmg re-expansion of 
the uninvolved left upper lobe was present while the involved left lower 
lobe was still completely collapsed The observations made at this 
time were subsequently compared with sirmlar observations made 
twelve weeks later on the same subject after the air had been com- 
pletely absorbed and the thoracic organs were restored to their normal 
position Figure 9 shows the position, with the subject m the upnght 
and lateral positions, of the collapsed left lung, the heart, and the 
diaphragm in the presence of pneumothorax at both extremes of the 
respiratory cycle, supenmposed upon the normal position of these 
organs in the same subject It will be seen that in the upright posi- 
tion at the end of expiration the heart and collapsed lung are shifted 
well toward the right side and that the diaphragm, while showing the 
customary elevated expiratory position on the right, has failed to rise 
on the side of the pneumothorax At the end of inspiration the heart 
has shifted back nearly to its normal position, the right half of the 
diaphragm has descended to the customary inspiratory position while 
the left half of the diaphragm has remained in the same position This 
shift of the mediastinum toward the normal side with encroachment 
on the normal lung during expiration and its return dunng inspiration, 
contrary to frequently expressed opmions concerning the danger of 



ARTIFICIAI. PNEUMOTHORAX IN lOBAR PNEUMONIA 


23 


mediastinal displacement, should be of advantage to respiratory func- 
tion as pointed out by Sewall (49) by assisting expulsion of air from the 

riEDlASTINAL AND DIAPHRAGMATIC 
nOTION yiTH RESPIRATION IN THE 
PRESENCE OF ARTIFICIAL PNEUMOTHORAy 


ERECT 

EXPIRATION INSPIRATION 



ON RIGHT SIDE - COLLAPSED SIDE UP 
EXPIRATION INSPIRATION 



— NORMAL — 

WITH PNEUMOTHORAX 


Fig 9 Case R C , Lobar Pneumonia, Left Lower Lobe 
^iratory and inspiratory posiUons of heart, diaphragm and collapsed left lunc 
the presence of arUhcial pneumothorax with subject erect and on nght side suner 
posed on normal positions m the same subicct * 


m 
impose! 


normal lung dunng expiration and the intake of air during inspiration 
A similar shift of the heart to the nght with expiration and return 
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toward the left with inspiration is exhibited with the patient lying in 
the lateral position with the pneumothorax side up 

EFFECT OF POSITION ON INTRAPLEURAL PRESSURE 


ERECT SUPINE 



INTRAPLEURAL PRESSURES ON COLLAPSED SIDE 

-1 INSPIRATION +4 

+ 3 EXPIRATION +7 


COLLAPSED SIDE UP COLLAPSED SIDE DOWN 



INTRAPLEURAL PRESSURES ON COLLAPSED SIDE 

-4 INSPIRATION +8 

_1 EXPIRATION +14 

Fig 10 Case R A , Lobas Pneumonia, Leet Lower Lobe 
Inspiratory and expiratory outlines of collapsed left lung, heart and diaphragm with 
subject in various positions, shoving respiratory immobilization of collapsed lung and 
effect of position on intrapleural pressure 

Of particular importance m relation to the problem in hand is the 
fact that the completely collapsed pneumonic left lower lobe neither 
under fluoroscopic observation nor m the x-ray films showed any evi- 
dence of expansion with mspiration nor of contraction with expiration, 
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a fact which stands out more clearly m diagrams from the next case in 
which the films taken at the end of inspiration and at the end of expira- 
tion with the subject m vanous positions are superimposed (fig 10) 
In this case, R A , a college student of 20, with pneumococcal Type V 
lobar pneumonia of the left lower lobe of 6 hours duration, studies 
were made about 36 hours after the introduction of 2600 cc of air in 
two treatments of 2000 and 600 cc respectively, at which time the left 
lung was completely collapsed, the temperature was normal and the 
patient convalescent While the collapsed left lung, as would be 
expected, alters its position in the thoracic cavity synchronously with 
changes m the position of the mediastinum occurnng with expiration 
and inspiration and with change in bodily position, there is no expansile 
motion of the lung with inspiration nor contractile motion with ex- 
piration and in this important sense the lung may be said to be 
completely immobilized when completely collapsed The mechanism 
involved in this immobilization is relatively simple and would appear 
to depend upon the balance of opposing forces concerned with expan- 
sion and contraction of the lung dunng respiration The initial col- 
lapse of the lung when air is introduced into the pleural cavity is, of 
course, due to its elasticity and becomes complete when the opposing 
force, 1 e , the pressure differential between the alveolar spaces and 
the pleural sac, which normally is sufficient to keep the lung distended 
and the visceral and parietal pleurae in constant apposition, is abol- 
ished by the introduction of a suffiaent amount of air into the closed 
pleural sac Under these circumstances the fall in pressure with 
inspiration is sufficient to permit the displaced mediastinum to return 
toward its normal position but the pressure differential developed 
when the subject is in the lateral position with pneumothorax side up 
and the pressure falls into the negative zone, would nevertheless appear 
to be inadequate to overcome immediately the elastic force and per- 
haps inertia of the lung 

The foregoing observations show that the lung can be immobilized 
m lobar pneumonia and clearly support the theory that artificial 
pneumothorax exerts its influence by limiting or abolishing the con- 
stant expansile and contractile motion of the involved lung during 
respiration 
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Factors ^nfl^^cncmg the volume andftequency of fncumolhorax treatments 
required to immohhze the pneumonic lung 

In attempting to determine tlie amount of air to be introduced and 
the level to which the mean intrapleural pressure needs to be raised to 
induce complete collapse and immobilization of the lung, it quickly 
became evident that a number of variables such as the duration of the 
disease, the side and extent of the lesion, the size of the thoracic cage 
and the presence or absence of fibrous pleural adhesions had to be 
taken into account Even more important than these, however, is the 
position of the patient, a problem which has been studied in a few 
cases of tuberculosis by Lawson (50) Consequently detailed studies 
of this variable have been made m a series of patients One of these 
studies on case R A , made at the same time as the roentgenographic 
observations portrayed in figure 10, is charactenstic of them all It 
will be seen that the intrapleural pressure of — 1 -{-3 cm with the sub- 
ject in the erect position rose to 4-4 4-7 cm when he lay on his back, 
fell to —4 — 1 cm when he lay on his side with the collapsed side up, 
and rose to a high level, -{-8 4- 14 cm , when he was in the reverse posi- 
tion with the collapsed side down A similar study of the effect of 
position on intrapleural pressure is shown in figure 11, the pressure 
readings in this instance being recorded kymographically by means of 
a capsule and lever attached to the open end of the manometer The 
patient, H K. , Avith pneumonia of the right lower lobe of 36 hours’ 
duration at the time of the first pneumothorax treatment received 
three treatments totalling 2850 cc withm a penod of 20 hours The 
observations were made about 21 hours after the last treatment 
With the subject on his back breathing naturally the mean intrapleural 
pressure was 4-5 cm When he changed to an upnght position it fell 
to 4-3 cm , to nse to 4-5 cm again when he returned to the supine 
position In the lateral position with the pneumothorax side up it 
was dbO cm , with the pneumothorax side down 4-8 cm , then 4-6 cm , 
following a short period of deep breathing These and similar studies 
in other patients indicate that in order to obtain and maintain com- 
plete collapse and immobilization of the pneumonic lung, the mean 
intrapleural pressure should ordinarily be raised to at least -j-l cm if 
the patient is lying with his pneumonic side up, to 4-4 cm to 4-5 cm 
if he is lying on his back. 
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Other possible factors besides position, such as site and duration of 
the pneumonia and presence or absence of adhesions may conceivably 
influence the volume of air required to raise the mean intrapleural pres- 
sure to a positive level Consequently, study of the nse in intrapleural 
pressure during pneumothorax treatment has been made m nearly all 
of the 42 cases treated by recording expiratory, inspiratory and mean 
intrapleural pressures after each 50 to 100 cc of air introduced together 
with the rate of air intake The records of the first treatment in three 
cases and of the first and second treatments in a fourth case, all com- 
parable with respect to the site and duration of the pneumonia and 


EfTECT OF P03ITI0N OM INTRAPLEURAL FRE55URE 

panmoTHORAX oh right side 



Fro 11 Case H K , Lobar Pneumonia wirn Artihcial Pneumothorax, Ricnr 
Lower Lobe EriEcr o? Change in Position on Mean Intrapleural 
Pressure 

position dunng treatment, since all four were cases of pneumonia of the 
left lower lobe treated in the first 24 hour penod after onset and in the 
lateral position with the pneumomc side up, are shown m figure 12 
Case R A , a young man of 20, received 2000 cc of air dunng the first 
treatment at a relatively slow rate averaging 19 4 cc per minute The 
respirations were shallow, the mediastinum was freely movable, the 
nse in intrapleural pressure was relatively slow, 1700 cc of air being 
required to bring the mean pressure to atmospheric level Case 
W M , a man of 63, with a relatively fixed mediastinum and a much 
greater respiratory swing in pressure, took in air at a faster average 
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rate of 32.5 cc per minute and required 1200 cc to bring his mean 
intrapleural pressure to atmospheric level Case J S , a man of 45, 
with extensive adhesions between the parietal and visceral pleura over 
the left upper lobe, takmg m air at an average rate of only 10 5 cc per 
min ute showed a rapid rise in intrapleural pressure, the mean pressure 
having reached atmosphenc level after only 650 cc of air had been 
mtroduced Case W L , a man of 32, without pleural adhesions, in 
two treatments with an interval of 3 hours 45 minutes between them. 



Fig 12 Rise in Intraplegeal Pressure during Introduction op Air into Pleurai. 

Cavitv in 4 Cases of Lobar Pneumonia of the Left Lower Lobe 

required 1700 cc of air to raise the mean intrapleural pressure to 
atmospheric level, the same amount as in case R A , but air was 
introduced at a much more rapid rate, 38 8 cc per minute dunng the 
jhrst treatment, 52 1 cc per minute during the second treatment 
These four cases serve to indicate a few of the many variables which 
play a part in determmmg the volume of air required to raise the mean 
intrapleural pressure to the desired point of + 1 cm In fact, a careful 
analysis of all our records indicates that the vanables are so numerous 
and immeasurable that no definite correlation can be estabhshed 
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between the volume of air required and any other factor Similar 
studies made dunng refill treatments hkewise have failed to show 
correlation between the volume of air required to maintain intrapleural 
pressure at tlie desired level and any other measurable factor 

Knowledge with respect to the rate at which intrapleural pressure 
falls following the initial treatment is desirable as a basis for deter- 
mining the frequency with which refills should be undertaken in order 
to keep the mean intrapleural pressure positive and the lung immo- 


FALL IN INTRAPLEURAL PRESSURE 
AFTER FIRST TREATHENT 



Fio 13 Rate of Fall in Inteapleoral Pressdre Following First Pneomothoeax 
Treatment in 29 Cases op Lodar Pneumonia 
3 RU-4, etc indicate 300 cc of air given in first treatment, pneumoma of right 
upper lobe, fourth day of disease 

bilized This has been analyzed m 29 cases for time intervals ranging 
from to 10 hours between the first and second treatments, the 
volume of air introduced m the first treatment having vaned from 300 
to 2200 cc The data presented in figure 13 indicate that there is wide 
individual variation and no predictable relationship between the rate 
of fall and the volume of air introduced, the site of the lesion or the 
duration of the disease Similar studies of the rate of fall in intra- 
pleural pressure between subsequent refills (fig 14) show a similar 
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individual variation uncorrelated with the total volume of air intro- 
duced The rate of fall, however, is in general less rapid than between 
the first and second treatments, the median rate after the first treat- 
ment being about 0 52 cm per hour, after subsequent treatments 
about 0.27 cm per hour Occasionally an interval rise in intrapleural 
pressure is encountered, an indication that a pleural effusion may be 
developing 


FALL IN INTRAPLEURAL PRESSURE 



Fig 14 Rate or Fall in Intrapleueal Pezssurz Following Second, Third, and 
Fourth Pneumothorax Treatments 

Numbers ( 2 1 , etc ) indicate total amount of air in liters administered m previous 
treatments 


Summary 

The foregoing observations, briefly summarized, would appear to 
support^^the followmg views T 

1 Lobar pneumoma is a bronchogenic infection begmning as an 
acute inflammatory lesion at the site of pneumococcal invasion at or 
near the hilum of the lung, usually unilaterally and m one lobe and 
without bronchial occlusion as an initiating event The infection 
spreads rapidly from the hilum toward the periphery frequently first 
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through one section of a lobe, subsequently through the remainder 
This spread is fostered no doubt by the spreading inflammatory edema 
and perhaps peculiarly facilitated by the constant expansion and con- 
traction of the lung in respiration Hepatization begins m the hilar 
portion of the lobe and progresses toward the periphery The rate at 
which consolidation develops vanes considerably in different cases but 
ordinarily requires from SO to 70 hours to become relatively complete 

2 In the pre-consolidative and early consolidative stages the in- 
flamed lobe readily collapses following the introduction of air into the 
pleural cavity, but not selectively, the pneumothorax separating the 
pleural surfaces and manthng the whole lung, provided preexisting 
fibrous pleural adhesions do not interfere 

3 There is no evidence to support the view that artificial pneumo- 
thorax exerts a beneficial therapeutic effect by accelerating or enhanc- 
ing the production of antibodies nor by expelling bronchial exudates 
and draimng the lung of inflammatory products On the other hand, 
complete immobilization of the lung so far as respiratory expansion 
and contraction are concerned can be attained by suitable pneumo- 
thorax therapy Consequently the “lung rest theory” would appear 
to be the most acceptable one at present, even though no evidence has 
been developed as yet to show m what manner collapse and immobiliza- 
tion of the pneumonic lung, apart from relief of pleural pain, serves to 
exert a beneficial influence 

4 To attain complete immobilization of the lung so far as respira- 
tory expansion and contraction is concerned a sufficient amount of 
air must be introduced to cause complete collapse To accomplish 
this the mean intrapleural pressure should be raised to at least -f-1 
cm of water when the patient is m the lateral position with the 
pneumonic side up, +4 to -f S cm if he is in the supine position and is 
to be allowed to he on his umnvolved side 

5 The volume of air required to accomplish complete collapse vanes 

greatly from case to case and cannot be defimtely correlated with anv 
measurable factors nor can it be predicted It ordinanlv vanes frnm 
1800 to 2400 cc ^ 


6 The rate of fall m intrapleural pressure following the mitial 
treatment is also very vanable and unpredictable, rangmg from 0 to 
1 33 cm per hour in the cases studied The rate of faKuowing re- 
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fills is likewise variable, ranging from none to 1 cm per hour, though it 
is commonly less rapid than after the first treatment Consequently 
the frequency and volume of refills required to maintain immobiliza- 
tion of the lung is at present empirical 

THERAPEUTIC EFFECTS OF ARTIFICIAL PNEUMOTHORAX 

Our observations on the effect of artificial pneumothorax on the 
clmical phenomena and course of lobar pneumonia are based upon the 
treatment of 42 cases® over a period of 16 months All patients with 
unilateral lobar pneumoma admitted to the Medical Service of the 
New Haven Hospital not later than the third calendar day of the 
disease during this period have been treated without selection, 24 in 
all The remaining 18 patients were arbitrarily selected cases in 
whom treatment was begun on the fourth day in 16, on the fifth day 
in 2 In addition to the usual clinical records the observations include 
senal postero-anterior and lateral roentgenograms at frequent intervals 
throughout the acute and convalescent periods, repeated measure- 
ments of intrapleural pressure, and serial blood cultures, titrations of 
humoral antibodies and leukocyte counts 

The data concerning these cases, to be found in tables 3 to 6, may 
be summanzed briefly There were 31 males and 11 females Their 
ages ranged from 13 to 77, 4 bemg m the second decade of life, 9 in the 
third, 13 in the fourth, 10 in the fifth, 4 m the sixth, 1 in the seventh 
and 1 in the eighth Thirty-eight cases were unilobar, of which 18 had 
right-sided pneumonia (upper lobe 8, imddle lobe 1, lower lobe 9) 20 
left-sided pneumonia (upper lobe 3, lower lobe 17) Four cases were 
multilobar, of which 3 were nght-sided, 1 bilateral The distnbution 
of cases according to the type of pneumococcus was as follows T3q)e 
I, 18, Type II, 1, Type H atypical, 1, Type V, 7, Type VH, 4, Type 
VIII, 2, Type XII, 1, Type XVHI, 2, Type XXVHI, 1, Group IV, 
not further classified, 3, undetermined, 2 Bacteremia was present in 
7 cases at the time pneumothorax treatment was instituted Twenty- 
three cases were found to have more or less extensive pleural adhesions, 
of which 15 had a definite past history of pneumonia or pleunsy, while 
of 16 cases without pleural adhesions only 4 had a past history of 

‘Treatment was attempted m 3 additional cases but extensive pleural adhesions 
prevented the introduction of air into the pleural cavity 
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pneumonia or pleunsy and in 2 of these it was known to have been on 
the contralateral side 

Method of treatment 

The procedure followed with respect to the frequency and volume of 
pneumothorax treatments has been evolutionary and empirical and is 
illustrated m figure IS At the beginning it u as hoped that a selective 
collapse of the involved lobe induced by means of two initial treat- 
ments of approximately 300 to 500 cc each, given 6 hours apart, fol- 
lowed if necessary by a third treatment 18 hours later, might be 
sufficient to accomplish the desired result and this appeared to be the 
case in the first two cases treated, one of which is illustrated by case 
A C , fig IS It soon became evident, however, as previously stated, 
that selective collapse did not occur Furthermore, by tlie time 9 
cases had been treated it had become apparent that this procedure was 
inadequate since, as illustrated by case A M (fig 15), following 
temporary clinical improvement relapse was liable to occur as theintra- 
pleural pressure fell, provided antibodies had not appeared in the 
blood as was subsequently found to have happened in the first two 
patients showing prompt recovery At the same time the first hint 
was obtained that preexisting fibrous pleural adhesions (cases H T , 
table 4, and D G and W S , table 5) might interfere with the useful- 
ness of artificial pneumothorax and that the procedure would probably 
be of no value in advanced septiceimc cases (case J G , table 6) 

In view of these results the procedure was changed as illustrated by 
case V G , fig 15 Three to five initial treatments were given at 
approximately four hour intervals until sufficient air had been mtro- 
duced to establish a positive expiratory intrapleural pressure with a 
mean pressure in the neighborhood of -fl to -1-2 cm of water, resulting 
m a complete collapse of the whole lung on the involved side The 
first three treatments were ordinanly of 500 to 800 cc each The 
total amount of air introduced in these initial treatments ranged from 
1700 to 2625 cc, provided extensive adhesions did not interfere 
Subsequent treatments were given at irregular intervals in an effort to 
maintain a positive mtrapleural pressure and complete collapse and 
immobilization of the lung until permanent recovery seemed assured 
or further treatment inadvisable Twenty patients vere treated 
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fills IS likewise variable, ranging from none to 1 cm per hour, though it 
IS commonly less rapid than after the first treatment Consequently 
the frequency and volume of refills required to maintain immobiliza- 
tion of the lung is at present empirical 

THERAPEUTIC EPEECTS OE ARTIEICIAL PNEUMOTHORAX 

Our observations on the effect of artificial pneumothorax on the 
clinical phenomena and course of lobar pneumonia are based upon the 
treatment of 42 cases® over a period of 16 months All patients with 
unilateral lobar pneumonia admitted to the Medical Service of the 
New Haven Hospital not later than the third calendar day of the 
disease during this period have been treated without selection, 24 in 
all The remaimng 18 patients were arbitrarily selected cases in 
whom treatment was begun on the fourth day in 16, on the fifth day 
in 2 In addition to the usual clinical records the observations include 
serial postero-anterior and lateral roentgenograms at frequent intervals 
throughout the acute and convalescent periods, repeated measure- 
ments of intrapleural pressure, and serial blood cultures, titrations of 
humoral antibodies and leukocyte counts 

The data concerning these cases, to be found in tables 3 to 6, may 
be summanzed briefly There were 31 males and 11 females Their 
ages ranged from 13 to 77, 4 being in the second decade of life, 9 m the 
third, 13 m the fourth, 10 in the fifth, 4 in the sixth, 1 in the seventh 
and 1 in the eighth Thirty-eight cases were unilobar, of which 18 had 
nght-sided pneumonia (upper lobe 8, middle lobe 1, lower lobe 9) 20 
left-sided pneumonia (upper lobe 3, lower lobe 17) Four cases were 
multilobar, of which 3 were nght-sided, 1 bilateral The distribution 
of cases according to the type of pneumococcus was as follows Type 
I, 18, Type II, 1, Type H atypical, 1, Type V, 7, Type VII, 4, T3q)e 
VIII, 2, Type XH, 1, Type XVHI, 2, Type XXVHI, 1, Group IV, 
not further classified, 3 , undetermined, 2 Bacteremia was present in 
7 cases at the time pneumothorax treatment was instituted Twenty- 
three cases were found to have more or less extensive pleural ad^sions, 
of which 15 had a defimte past history of pneumonia or pleurisy, while 
of 16 cases without pleural adhesions only 4 had a past history of 

® Treatment -was attempted in 3 additional cases but extensive pleural adhesions 
prevented the introduction of air into the pleural cavity 
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pneumonia or pleunsy and m 2 of these it was known to have been on 
the contralateral side 


Method of treatment 

The procedure followed with respect to the frequency and volume of 
pneumothorax treatments has been evolutionary and empirical and is 
illustrated m figure 15 At the beginning it was hoped that a selective 
collapse of the involved lobe induced by means of two initial treat- 
ments of approximately 300 to 500 cc each, given 6 hours apart, fol- 
lowed if necessary by a third treatment 18 hours later, might be 
sufficient to accomplish the desired result and this appeared to be the 
case m the first two cases treated, one of which is illustrated by case 
A C,fig 15 It soon became evident, however, as previously stated, 
that selective collapse did not occur Furthermore, by the time 9 
cases had been treated it had become apparent that this procedure rv as 
madequate since, as illustrated by case A M (fig 15), following 
temporary clinical improvement relapse was liable to occur astheintra- 
pleural pressure fell, provided antibodies had not appeared in tlie 
blood as was subsequently found to have happened in the first two 
patients showing prompt recovery At the same time the first hint 
was obtained that preexistmg fibrous pleural adhesions (cases H T , 
table 4, and D G and W S , table 5) might interfere with the useful- 
ness of artificial pneumothorax and that the procedure would probably 
be of no value m advanced septicemic cases (case J G , table 6) 

In view of these results the procedure was changed as illustrated by 
case V G , fig 15 Three to five initial treatments were given at 
approximately four hour intervals until sufBcient air had been intro- 
duced to establish a positive expiratory intrapleural pressure with a 
mean pressure in the neighborhood of -j-l to -t-2 cm of water, resulting 
m a complete collapse of the whole lung on the involved side The 
first three treatments were ordinarily of 500 to 800 cc each The 
total amount of air introduced in these initial treatments ranged from 
1700 to 2625 cc , provided extensive adhesions did not interfere 
Subsequent treatments were given at irregular intervals m an effort to 
maintain a positive intrapleural pressure and complete collapse and 
immobilization of the lung until permanent recovery seemed assured 
or further treatment inadvisable Tiventy patients were treated 
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Fig 15 Cases ^ustrato,g Chakge in Method of Treatment as Study of the 
Use of Artificiae Pneumothorax in Lobar Pneumonia Progressed 
i case treated, partial collapse of liglit lung, critical recovery' Case 

treaty, parUal collapse of left lung, temporaiy improvement with 
relapse Case V G , elevpth case treated, complete collapse of nght lung, transient 
fallmg intrapleural pressure on sev en* day. Case R A , fortieth 
case treated, complete collapse of left lung, prompt recov ei>' without relapse 
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under this plan Gradually a further modification of procedure was 
tried in which the initial treatment was increased in amount and the 
early refills were given at somewhat less frequent intervals, a method 
which appears to present distinct advantages This procedure as 
used in 6 recent cases is illustrated by case R A , fig 15 
The technique employed has been that commonly used and requires 
no detailed comment Immediately followmg the preliminary ex- 
amination of the patient an x-ray film of the chest is taken to confirm 
the clinical diagnosis and to make certain that the pneumonia is uni- 
lateral Following a preliminary dose of morphine, artificial pneumo- 
thorax treatment is started Treatments are ordinarily given with 
the patient in the lateral position, pneumonic side up, since the 
intrapleural pressure established with the subject m this position does 
not become lower m any other position which he may subsequently 
take (fig 11) Following preparation with novocaine, the needle is 
commonly inserted in the mid or postenor axillary line, fourth to sixth 
intercostal space, or near the lower angle of the scapula, an effort being 
made to avoid areas showing the physical signs of acute fibnnous 
pleunsy Air is allowed to flow in under the negative pressure de- 
veloped during inspiration until the intrapleural pressure has nearly 
reached the atmospheric level, when a slightly positive pressure is 
used The rate of introduction of air is a matter of considerable 
importance, especially in the use of the large initial treatments, if 
increased respiratory rate and dyspnea are to be avoided With in- 
creasing experience the rate has been gradually cut down from an 
average rate of approximately 20 to 40 cc per minute used at first to 
10 to 20 cc per minute At this latter rate, which is now used, large 
amounts can apparently be administered in the imtial treatment 
without difficulty Pressure readings are taken after every 50 to 100 
cc of air introduced If, during the treatment, the patient complains 
of a dragging or pulling pain, adhesions may be suspected and the 
treatment may be interrupted Following the first, second, or third 
treatment another x-ray film is taken to determine the degree of 
collapse of the lung and the presence or absence of pleural adhesions 

Clmtcal results 

The effect of artificial pneumothorax treatment on individual 
dimcal phenomena of lobar pneumoma is difficult or impossible to 
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measure or evaluate with accuracy, at least, in our senes of cases be- 
cause of the fact that the procedure employed has been gradually 
modified as we have proceeded 

In general terms, however, it may be said that pleural pain has been 
quickly and effectively relieved or abolished in nearly all patients in 
whom pleural adhesions have not interfered with adequate separation 
of the pleural surfaces; that in the cases who have responded to the 
treatment dyspnea has been relieved in most instances, and the toxic 
and apprehensive appearance has been strikingly improved No 
abrupt fall in the leukocyte count has occurred except in 3 cases, the 
majority showing a gradual return to the normal level over a period 
of 2 to 5 days In none of the seven septicemic cases did artificial 
pneumothorax exert any apparent influence on the blood stream infec- 
tion, while in four cases (F H , E E , and T G , table 4, and R P , 
table 5), a transient bacteremia occurred following artificial pneumo- 
thorax treatment and in one case (F M , table 5), umnfluenced by 
pneumothorax treatment, a terminal septicemia developed No 
studies have been made as yet concerning the possible mfluence of 
artificial pneumothorax on the anoxemia of lobar pneumoma, though 
our tentative impression would be that the effect on cyanosis roughly 
parallels that on dyspnea 

Since an analysis of the effect of artificial pneumothorax on the 
clmical course and outcome of lobar pneumonia in the 42 cases treated 
indicates that the duration of the disease at the time treatment was 
instituted, as weU as the method of treatment used, was one of the 
most important factors influencing the results obtained, the cases have 
been grouped accordmg to duration for purposes of presentation 
Duration in hours after onset has been selected as the basis for group- 
ing, since it would appear to be of greater sigmficance than the calendar 
day of the disease Group A comprises 4 cases m whom treatment was 
begun within 24 hours after onset, Group B 9 cases in whom treatment 
was started between 24 and 48 hours after onset. Group C 15 cases in 
whom treatment was imtiated between 48 and 72 hours after onset, 
and Group D 14 advanced cases of more than 72 hours’ duration when 
treatment was begun Another important factor which apparently 
influenced the results in Groups B and C at least, was the absence or 
presence of preexisting fibrous pleural adhesions Consequently these 
two groups have been subdivided accordingly 
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Group A Trcalmenl begun within Z4 hours after onset Summanzed 
data concerning the 4 cases in this group are shown in table 3 It will 
be seen that all four cases were treated with large initial amounts of 
air which resulted in raising the mean intrapleural pressure to a posi- 
tive level Complete collapse of the whole left lung occurred in all 
except case J S , in whom adhesions between the parietal and visceral 
pleura over the umnvolved upper lobe prevented collapse of this lobe 
All four cases recovered promptly without further extension of the 
pneumonia and without complications except for a transient acute 
psychosis in case W L , a severe chronic alcoholic The individual 
case records with bnef clinical notes are presented on pages 38-39 
Group B Treatment begun between 24 and 48 hours after onset 
Data concermng the 9 cases in this group subdivided into a group of 
6 cases without pleural adhesions and a group of 3 with adhesions, are 
shown in table 4 In the 6 cases without adhesions all except case 
A M , who was one of the early inadequately treated cases, received 
mitial treatments sufficient in volume to raise the mean intrapleural 
pressure to atmosphenc level or above and to collapse the whole lung 
on the involved side All showed prompt clinical improvement with 
relief of distressmg symptoms except case F H , presumably because 
he also suffered from rheumatic heart disease with cardiac dyspnea 
of some months duration and a bout of transient auricular fibrillation 
Recovery was rapid m case H K , apparently accelerated in all with 
the possible exception of case R F , who nevertheless was much im- 
proved symptomatically None showed further spread of the pneu- 
monia Two developed sterile pleural effusions which were sufficiently 
large to warrant withdrawal by aspiration 
In the 3 cases with pleural adhesions no notable effect on the 
symptoms or course of the disease occurred under pneumothorax treat- 
ment, presumably because the adhesions interfered with adequate 
collapse and immobilization of the lung, even though the mean intra- 
pleural pressure was raised to a positive level in cases E E and T G 
All 3 cases recovered without spread of the pneumonia to other lobes 
and without complications 

The individual records of the cases in Group B are presented on 
pages 38-39 

Group C Treatment begun between 48 and 72 hours after onset 
The 15 cases m this group, 6 without pleural adhesions and 9 with 
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adhesions, are summarized in table 5 Of the 6 cases without ad- 
hesions 4 recovered promptly by cnsis One of these, case T F., who 
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third and sixth days, respectively, so that early recovery may have 
been the natural crisis rather than related to the pneumothorax 
treatment Two cases showed transient improvement but relapsed 
In the first of these, case R C , an initial treatment of 2220 cc , ad- 
mimstered very slowly over a penod of 14 hours with the patient lying 
on his back and sleeping in naps, raised the mean intrapleural pressure 
to + 1 5 cm with the subject m the supine position, probably to the 
neighborhood of —3 cm in the lateral position X-ray of the chest 
following the treatment showed incomplete collapse Relapse pre- 
sumably occurred because of inadequate initial treatments and 
delayed refills, the mean intrapleural pressure at the beginning of the 
third treatment with the patient lymg on the uninvolved side being 
—6 cm The other patient, case G S , who was extremely toxic and 
had fairly advanced consohdation of the left lower lobe, relapsed with 
a spread to the right upper lobe None of the 6 cases developed 
complications 

Of the 9 cases with preexisting fibrous pleural adhesions, only case 
M C. showed any apparent benefit from the treatment and m this 
case, since crisis occurred on the fifth day, the result cannot with 
confidence be attributed to the pneumothorax treatment Four 
cases showed further spread of the pneumonia to another lobe, 2 de- 
veloped empyema, 1 died with a terminal septicemia 

The individual records of all the cases without adhesions and four 
illustrative cases with adhesions from Group C are presented on 
pages 42-43. 

Group D Treated later than 72 hours after onset Data concerning 
the 14 advanced cases in this group are summarized in table 6, from 
which it will be seen that artificial pneumothorax exerted no apparent 
effect on the duration or outcome of the disease m these advanced 
cases, most of whom were severely ill In fact even temporary im- 
provement was observed in only one patient, case F R Eight showed 
further extension of the pneumonia, 9 died, 2 with complicating em- 
pyema In none of the 6 cases with bacteremia did the treatment 
exert any apparent influence on the blood stream mfection 

The individual records of three illustrative cases from Group D are 
presented on pages 42-43. 
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Dtscusston 

In the foregoing observations on the tlierapeutic effects of artificial 
pneumothorax in 42 cases of lobar pneumonia emphasis has been 
placed on the method of treatment evolved during the course of the 
study and on the effect of artificial pneumothorax on the clinical course 
and outcome of the disease in an effort to define tentatively the 
conditions under which artificial pneumothorax would appear to be 
therapeutically useful The results obtained, which are summarized 
in figure 16, seem to indicate that the procedure is of definite therapeu- 
tic value but only under certain limited conditions, namely, (a) when 
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Fio 16 ErrECT or AKTinaAt PNEUMOrnoRAX on the Clinical Coorse or 42 Cases 
or Lodae Pneumonia 

the volume of air introduced into the pleural cavity is sufficient to 
raise the mean intrapleural pressure promptly to -f-1 to -|-2 cm -with 
the patient in the lateral position, pneumomc side up, resulting in com- 
plete collapse and immobihzation of the lung on the affected side, 
(6) when the frequency and volume of refills is suffiaent to maintain 
the mean pressure at this level and the lung retracted until danger of 
relapse is past, (c) when treatment is instituted early in the disease, 
1 e , certainly within less than 72 hours after onset, probably within 
less than 48 hours m most cases, (d) when the pleura is free from 
adhesions which interfere with retraction of the involved lung 
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Despite the excellent results obtained in the early cases without 
interfering adhesions, it nevertheless must be obvious that the fore- 
going statement concermng the conditions under which artificial 
pneumothorax treatment would appear to be therapeutically useful 
can be only a tentative one at present, since the senes includes only 10 
cases without interfering pleural adhesions in whom treatment was 
started prior to 48 hours after onset On the other hand the results 
obtained would seem to indicate quite clearly that artificial pneumo- 
thorax is of little or no therapeutic value in advanced cases of more 
than 72 hours duration and in even earlier cases with extensive pleural 
adhesions In the intermediate group first treated between 48 and 72 
hours after onset, the results remain of doubtful significance in view 
of the early appearance of agglutinins in 3 of the 6 cases without 
adhesions, and the occurrence of relapse after imtial improvement in 
2 of the remaining 3 


CONCLUSION 

One fact would appear to stand out clearly, namely, that artificial 
pneumothorax is an emergency therapeutic procedure and should be 
carried out without delay early in the disease if a really beneficial 
therapeutic effect on the course and outcome of lobar pneumonia is to 
be obtained, preferably during the first 24 hours after onset, hopefully 
during the next 24 hours, still hopefully but without too great expec- 
tations dunng the next 24 hours, ater not at all unless it be wnth a 
small amount of air merely for the relief of pleural pain No statistical 
analysis of the results obtained is warranted nor is there sufficient 
evidence as yet to justify any other conclusion than to quote again 
what Lieutenant Rood said sixteen years ago “The use of this opera- 
tion as a therapeutic measure in selected cases is worthy of further 
trial." 


addendum 

During and subsequent to the preparation of this article a consider- 
able number of additional reports on the use of artificial pneumothorax 
in lobar pneumonia have appeared Using essentially the procedure 
followed by Friedemaim, Coghlan and others, Liverani (51) treated 
6 cases without notable benefit m 5 and concluded that the method 
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was not useful, Vincenzo (52) treated 5 cases with inconclusive results, 
Crowell (53), 5 cases, 4 of whom were children, Isaacs, Udcsky and 
DePinto (54), 7 cases witli no benefit in 4, Shipman and Cox (55), 
22 cases with symptomatic relief m many but without apparent effect 
on the duration of the disease, and Burbank and Rothstein (56), 20 
cases, also with symptomatic relief m many but early crisis in only 2 
In fully half of these 65 cases treatment with artificial pneumothorax 
was not instituted until the fourth day of the disease or later and two- 
thirds received only one or two treatments usually of 300 to 500 cc 
The intervals between treatments varied from 12 to 48 hours except 
in the cases reported by Burbank and Rothstein (56), who gave a 
second treatment four to six hours after the first No clear distinction 
between cases without and those with pleural adhesions is presented in 
any of the foregoing reports Only Shipman and Cox (55) record 
bactenological observations on the tj'pe of infection and the presence 
or absence of bacteremia Because of these facts and in view of our 
own experience it would appear that at best only symptomatic relief 
could have been obtained in some, though by no means all of these 
cases Analysis of the recorded results would seem to support this 
assumption 

Stoll, Hopkins and Martin (57) have reported m detail the results 
obtained m 25 carefully studied cases, in all but 7 of which treatment 
was instituted prior to the fourth day Beginnmg at first with small 
amounts of ait given at intervals of approximately twelve hours, they 
subsequently gave the first three or four treatments at intervals of four 
to SIX hours with a follow-up refill after the temperature had fallen 
to normal The frequent presence of pleural adhesions was found to 
be the greatest obstacle to successful treatment As a result of their 
expenence they conclude that pain is relieved and a prompt lessening 
of the toxemia may be expected when compression can be effected 
early and maintained and that artificial pneumothorax is probably the 
best type of treatment for the types of infection for which there is no 
anti-serum available 

Bullowa (58), on the other hand, who has reported on the results 
obtained in 40 carefully studied cases of pneumococcal lobar pneu- 
monia, m 35 of which treatment was initiated prior to the fourth day 
of the disease, and Bullowa and Mayer (59) have not been favorably 
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impressed with the effect of artificial pneumothorax therapy and 
believe that the hazards of the procedure outweigh its alleged ad- 
vantages In support of this view they cite the following complica- 
tions and disadvantages which they have noted, — ^late invasion of the 
blood by pneumococci, homolateral extension of the infection, con- 
tralateral spread of the pneumonia, empyema, induced rupture of the 
lung, extreme mediastinal shift with death, harmful delay in serum 
therapy, and fatigue of patients by frequent manipulation and roent- 
gen examinations The first four would appear to be hazards of the 
disease rather than of the therapy, the next two of extremely rare 
occurrence, the last adequately counterbalanced by relief of pleural 
pain, restlessness and insomnia As pointed out by Leopold and 
Lieberman (60) there is no obvious reason why pneumothorax treat- 
ment should be a bar to the simultaneous use of other methods of 
therapy or cause delay m the use of serum in those types of infection 
for which serum is available Of the 35 cases treated by Bullowa 
(58) before the fourth day, 3 died Of these one received only one 
treatment, at least one had adhesions and died with a complicating 
hemolytic streptococcal infection and one developed a contralateral 
spread and empyema Twelve recovered prior to the seventh day 
Four of these also received antipneumococcal serum In spite of 
Bullowa’s unfavorable report we believe from our own experience (61) 
that further tnal of artificial pneumothorax in lobar pneumoma is 
desirable and should be carried out under carefully controlled con- 
ditions 
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CASE RECORDS 

Records of 26 of the 42 cases of lobar pneumonia treated rvuth artificial pneumothorax 
are presented in the following pages The charts show at the top the hospit^ number, 
case initials, sex, age, pneumococcus type and lobes involved Day is calendar day of 

the disease, 1, 2, etc , mdicate roentgenograms, the numbers correspondmg with the 
numbers on the x-ray pictures, vertical Imes indicate pneumothorax treatments, the 
volume of air mtroduced at each treatment bemg shown by the length of the bne, tempera- 
tures are rectal, mtrapleural pressures are recorded at the beginnmg and end of each treat- 
ment in centimeters of water, AGGL = serum agglutimns, B C = blood culture, 
W B.C = total leukocyte count, S = Type I serum treatment, Th = thoracentesis 



Fig 17a Case R A 

Mar IP, 1935. 10 00 am Onset with chill followed by pam m left lower chest 
3 00 p m , admitted Impaired resonance and dimini shed breath sounds over left 
lower lobe 4 00 p m X-ray 1, pneumoma, left lo'ner lobe, preconsohdative stage 
6 45-S 28 p m First pneumothorax treatment, 6 hrs after onset, patient on nght 
side, 2000 cc of air introduced without difficulty, average rate 19 4 cc per mm , mean 
intrapleural pressure raised from — 4 5 to -1-1 cm Transient pam m left chest with 
change of position suggesting adhesion 10 00 p m X-ray 2, partial collapse, apical 
adhesion 

Mar 20 2 00-2 35 am Second pneumothorax treatment, 600 cc , average rate 17 1 cc 
per mm , mean mtrapleural pressure raised from —2 to -}-3 5 cm 10 00 a m Much 
improved X-ray J, complete collapse of left lower lobe, apex of left upper lobe 
held out by adhesion 

Mar 21 Comfortable 2 00 p m X-ray 4, and speaal x-ray studies (cf fig 10) 
10 02-10 11 p m Mamtenance refill, 300 cc , average rate 33 3 cc per mm 

Mar 22 Appears well 

Afar 29 X-ray 5, left upper lobe expandmg 

Mar 30 Convalescence uneventful Discharged. 

May 1 Follow up x-ray 6 

Comn'cnl Early case, adequately treated, prompt rehef of symptoms, early recovery 
without devdopment of agglutinins 
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I IG 17b CaSF R V SlRI\L ROESTCnNOORAMS 
pre treatment, 2, partial collapse follouing 2000 cc of air, 3 complete conap<!e 
after ^600 cc of air, apical adhesion, 4 collapse maintained, a, beginning re expansion, 
6, air complcteK absorbed ^ 
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Fig 18a Case \\ M 

Mar 11 1934 9 00 p m Onset \Mth sudden se\ere pain in anterior left lotAer chest, 

rapidlj becoming worse and associated with malaise and fever 
Mar 12 3 15am, admitted Bloodv^ sputum, slight cyanosis, left chest splinted, 
at the left base, from the angle of the scapula down and extending into the axilla, 
dulness, slight increase in fremitus, suppression of breath sounds and numerous crep- 
itant rales, loud friction rub in the axilla 3 30 a m X-ray 1 Pneumonia, left 
lower lobe, preconsohdative stage 6 15 to 6 58 a m , first pneumothorax treatment, 
9 hrs after onset patient on right side, 1400 cc , a\ erage rate 32 6 cc per min , changing 
the mean intrapleural pressure from —55 to +10 cm 8 00 a m , pain gone and 
p itient comfortable 10 19 to 10 35 am, second air injection, 350 cc , average 
rate 219 cc per mm, mean intrapleural pressure raised from —15 to +2 0 cm 
2 00 p m X-rav 2, almost complete collapse 2 50 to 3 06 p m third air injec- 
tion 350 cc , rate 21 9 cc per min , mean intrapleural pressure raised from —2 to 
+3 5 cm 8 00 p m 4th air injection 50 cc , pressure readings +4 to +5 5 cm 
Mar 13 Appears well Three maintenance refills of 375 150 and 50 cc , respectively, 
kept the mean pressure elev ated to +6 cm 

Mar 14 X-raj 3 complete collapse, subsequent air injections of 350, 200 and 150 cc 
w ere gi\ cn to maintain the positiv e intrapleural pressure 
Mar 26 Convalescence uneventful X-ray-/ Discharged 

Comment Early case, adequately treated prompt relief of symptoms, early recovery 
without development of agglutinins 
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liG 18 d C\sl ^\ M Serial Roentgenocr\ms 
i, earl> left lo^\er lobe pneumonia pre trcatircnt colhpse of left lung after 17o0 cc 
of air, 3 colhpse maintained by further treatments, 4, beginning expansion of left upper 
lobe, small pleural effusion 
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Fig 19a Case J S 

Ocl 21, 1934 9 30 p m Onset with stabbing pain in lower left axilla, with increased 

diflicultj in breathing and frequent coughing spells during night 
Oct 22 Chilly sensations in morning followed by fever 1 00 p m , admitted Slight 
cjanosis, respirations shallow and labored, splinting of left lower chest, impaired 
resonance over left lower lobe, area of bronchial breathing and fine crepitant rales 
at angle of left scapula 3 00 p m X-ray 1 Pneumonia of left lower lobe, pre- 
consolidatn e stage 3 52 to 5 03 p m First pneumothorax treatment, 18 hrs 
after onset, patient on right side, 750 cc , average rate 10 6 cc per mm , changing the 
mean intrapleural pressure from —7 to +1 cm 9 10 to 10 05 p m Second air in- 
jection, 900 cc , brought the pressure from —2 to -|-1 5 cm 
Oct 23 6 30 a m Appears less toxic, no pleural pain 6 55 to 7 04 a m , third 

treatment, 150 cc , pressure raised from -1-1 0 to +3 5 cm 9 30 a m , x-ray 2, col- 
lapse of low tr lobe, upper lobe held out bj adhesions 3 20 to 3 55 pm, 4th treat- 
ment 400 cc 

Oct 24_ \ppears w ell 1132am Maintenance refill of 250 cc 
Ocl 25 X-raj 3, collapse of left lower lobe maintained 
Oct 2S Maintenance refill of 300 cc 
Oi 5 X-rav 4 

No^ 6 Con\ alescence uneeentful Discharged 

Comment Larh case, adequatelj treated, prompt relief of symptoms and recoeery 
b\ crisis on third day 
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IiG 19b Cvsl J S Slrul Roentccnogp \ms 
i, pre trc'itment, 2 , collapse of left lower lobe after 1800 cc of nir, adhesions 
left v\pper lobe, 3 and 4 , collapse mamiamed 
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Fxg 20a Case W L 

Ipnl 15, 1934 Went on se\cre alcoholic debauch Apnl 17-18, chill during the night 
April IS 12 00 noon, admitted Appeared Iomc, drj' cough, soreness deep in left 
chest, signs of early pneumonia, left lower lobe No friction rub 12 30pm X-rayi, 
question of early pneumonia, left lower lobe 7 00 p m X-ray 2, early pneumonia, 
left lower lobe 8 00 to 8 18pm, first pneumothorax treatment, 24 hrs after onset, 
700 cc , patient on right side, a\ erage rate 38 8 cc per min , change in mean intra- 
pleural pressure from —7 to —35 cm 

April 19 12 04 to 12 27 a m , second pneumothorax treatment, 1200 cc , average rate 

52 2 cc per mm , mean pressure raised from —4 to -f-O 5 cm 7 00 to 7 13 a m , 
third treatment, 350 cc , rate 27 cc per min , intrapleural pressure raised from —0 5 
to +15 cm 9 00 am X-ray 3, showed good though not complete collapse 
11 51 a m to 12 07 p m fourth treatment, 375 cc , rate 23 4 cc per mm Patient 
complained of slight respiratory difiiculty and choking sensation at the end, the intra- 
pleural pressure ha\ ing been raised from +1 to +3 5 cm During the evening patient’s 
temperature fell rapidly Intrapleural pressure reading at 10 35 pm, +0 5 cm , 
rose to +2 5 cm w ith tlie injection of 75 cc of air 
\pril 20 9 00 am , x-ray 4, complete collapse of the left lung Patient looks well, 

smoking, hungry 11 45 am , the intrapleural pressure was +3 5 cm No air was 
gnen 11 00 p m , dc\ eloped acute alcoholic psychosis which persisted until May 27, 

Tunc 20 Discharged wcW 
JuncBS Follow -up x-ra> 5 

Com»zcn/ Se\crc pneumonia in a marked alcoholic, adequately treated early in the 
dise^c wiih prompt reco\er\ In crisis but con\alescence prolonged by an acute 
alcoholic ps>chosis r- o ^ 
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7 I, <■ C\SL U I SfrIXL ROENrrtNOGKVMb 

r«»l’ t I mterprelition doubtful, 2 . 7 hrs later fnr 

lower lobe pre treatment 3 nearl\ complete colhpse after 3 treatment 
■/ complete colhp.e of left lung . a.r aWbed, Jung ^0x7^^ 


pneumomaj left 
totaling 2250 cc » 
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IV. 2U Case R F 

March 17, 103-i 4 00 p m Pain left louer chest, anterior!}', folloned by short chill, 

later s\\ eating and fe\ er 

March IS 2 p m admitted \ppeared acutely ill Respirations shallow and 
accelerated 0\er the left base behind, extending to the lower mid and anterior 
axillar} regions there is dulness bronchial breathing and occasional rales 4 00 p m 
K-ra} J T 18 to 5 48 p m First pneumothorax treatment, 26 hrs after onset, 
patient on right side, 1125 cc , aaerage rate 57 5 cc per min , with change in mean 
intrapleural pressure from —10 to +1 cm 10 11 to 10 35 p m Second pneumo- 
thorax treatment, 600 cc , rate 25 cc per mm , changing intrapleural pressure from 
— 2 to -4-2 cm Slight pain in left chest on changing position 
March 10 2 59 to 2 46 a m Third air injection of 200 cc , bringing mean pressure 
from —05 to -1-4 0 cm 9 00 a m Improxed, pleural pain much relieved 9 09 
to 9 15 am 150 cc of air, which increased the pressure from -)-l to -1-3 5 cm 
2 00 p m X-ra} Z, practically complete collapse of left lung 4 10 to 4 16 p m , 
225 cc of air raised the intrapleural pressure from -|-2 to -1-5 5 cm 
March 20 Much improied pain gone 10 39 to 10 44 a m , 150 cc of air injected with 
change in intrapleural pressure from -i-2 to -)-4 cm 
March 21 X-ra\ 3 complete collapse 
March 30 X-ra% 4 upper lobe expanding 
March 31 Conaalesctnce uneaentful Discharged 
Ma\ 30 Follow-up x-raa 5 

Comment S\ niptoniaticafh improaed, rccoacrj by h sis 4th to 7th days Intrapleural 
pressure max hax e been raised higher than necessary by’ fifth and sixth treatments 




llG 21 b CasI R r SeRIVL ROENTGCNOCrUlS 
I prc treitment, 2 and *> complete colhp'c of left lung estibhshed and maintained, 
4 beginning re expansion of left iinptr lobe, small pleural effusion, o air completeU 
gone, lung fulK expanded 
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Tig 22 V C^sc -V M 

fan 15, 1034 10 00 am Sudden severe pain in upper left chest, followed an hour 

later bj chill ■M noon first raised blood-strtaked sputum During afternoon shaking 
chill and in the e\ening fe\cr 

Jan 14 12 00 noon, admitted Chill, moderate dvspnea and cjanosis Chest ex- 

pansion limited on left At left base behind, impaired percussion noie slightlj increased 
fren itus, distant tubular breathing and crepitant rales 2 30 p m , \-ray /, pneu- 
monii, left lower lobe, carle consohdative stage 4 08 to 4 32 p m , 30 hrs after 
onset, first pneumothorax treatment, 400 cc , rate 16 6 cc per min, with change in 
intrapleural pressure from —4 to —15 cm 10 30 to 10 52 p m , second treatment, 
700 cc of air injected, aeerage rate 31 8 cc per mm , changing the mean intrapleural 
pressure from —5 to —1 cm Slight shortness of breath 
fan 15 Much improxed 9 00 am X-ray 2, partial collapse Relapse 5 04 
to 5 17 p m , third air injection, 500 cc , axerage rate 38 5 cc per mm , mean intra- 
pleural pressure changed from —6 to 0 cm 
fan 16 11 45 i m X-raj 1, complete collapse 

fan 17 Marked subjcctuc improxement, critical recovery 

fan fO X-rij 4 

X-ray 5 

Discharged Conxalescence uncxentful 

■ ked sxmptomatic improxement following two treatments resulting in 
of left lung follr 4 bj relapse associated with falling mtrapleliral 
ilete collapse o - following third treatment svmptomaticallx 

prob iblx she « 



artificijVl rNi:u»ioTiiORA\ in iobar pneumonia 



Fig 22b C^sl A AI Serivi Roentgenograms 
i, pre treatment, 2 , marked but incomplete collapse of left lung follow mg 2 treatments 
totalling 1100 cc of air, J and 4 , complete collapse, small effusion, 5, upper lobe re expand 
mg, small effusion still present 
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Fig 22 \ C\se A M 

Jan 13, 1011 10 00 am Sudden se\ere pain in upper left chest, followed an hour 

1 Iter bj chill At noon first raised blood-streaked sputum During afternoon shaking 
chill and in the c\ening fe\er 

Tan 14 12 00 noon, admitted Chill, moderate dyspnea and C 3 ’^anosis Chest ex- 

pansion limited on left \t left base behind impaired percussion note, shghtlj' increased 
frcn itus distant tubular breatlimg and crepitant rales 2 30 p m , \-ray 1, pneu- 
monia, left lower lobe early consohdati\e stage 4 08 to 4 32 p m , 30 hrs after 
onset lirst pneumothorax treatment 400 cc , rate 16 6 cc per mm, with change in 
intrapleural pressure from —4 to —1 5 cm 10 30 to 10 52 p m , second treatment 
700 cc of air injected aaerage rate 31 8 cc per mm . changing the mean intrapleural 
pressure from —5 to — 1 cm Slight shortness of breath 
Tan 15 Much improaed 9 00 a m X-raj' 2, partial collapse Relapse 5 04 
to 5 17 p m , third air injection, 500 cc , a\ erage rate 38 5 cc per mm mean intra- 
pleural pressure changed from —6 to 0 cm 
Tan 16 11 45 am X-raa J, complete collapse 

Tan IT Marked subjectue improaement, critical recovery 
Jan 10 X-ra\ 4 

Jan 26 X-raa 5 

Jai 27 Discharged Con\ alescence uneaentfol 

Cflininenl Marked samptomatic improaement folloaaing taao treatments resulting in 
partial collapse of left lung folloaved bj relapse associated aaith falhng intrapleural 
pressure Complete collapse of left lung folloaaing third treatment, symptomaticalla 
improatd course probablj shortened 
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Fig 22b C\se A M Serial Roentccnogrvms 
/, pre treatment, 2, marked but incomplete collap<5e of left lung follow mg 2 treatments 
totalling 1100 cc of air, J and */, complete collapse small effu<iion o, upper lobe re expand 
mg, small effusion still present * 
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lie l$\ Case V G 

1 eh 22, 1934 5 00 p m Onset w itli chilly sensations 

Fch 23 Fetcrish, increased cough pain in nght axilla on coughing, nausea, headache 

10 15 pm admitted Moderately toxic and cvanotic Dulness and faint tubular 
breathing high in right axilla, suppression of breath sounds over right anterior chest 

11 10 pm X-ra> /, pneumonia, right upper lobe, early 

Fch 24 12 07 to 12 19 am First pneumothorax treatment, 31 hrs after onset, 

patient on left side, 500 cc average rate 41 7 cc per min , raising mean intrapleural 

pressure from —10 cm to —3 5 cm Perspired profusely between 2 00 and 3 00 a m 
4 20 to 4 35 a m second treatment 600 cc , average rate 40 cc per mm , pressure 
changed from —5 to — 1 cm \ omited as needle was introduced No other untoward 
effect 8 47 to 9 02 a m , third pneumothorax treatment, 500 cc , average rate 33 3 cc 
per min , change m mean pressure from —3 to 0 cm 9 45 a m X-ray 2 Partial 
collapse 12 15 to 12 33 p m , fourth treatment, 400 cc , av’erage rate 22 2 cc per 
min with change from —3 to -|-2 cm in mean pressure Patient dyspnoeic and 
shglitl} more cyanotic 4 08 to 4 14 p m , fifth treatment, 150 cc , increasing the 
pressure from 0 to -t-1 5 cm Dyspnea now rather marked 
1 cb 25 12 38 to 12 42 am sixth treatment 125 cc w hich brought the pressure again 

from 0 to -j-1 0 cm 10 00 a m Sv mptomatically much improved, no pleural pain, 

appears less toxic, breathing easilj 7 45 to 7 54 p m Sev enth treatment, 250 cc , 
increasing the pressure from —1 5 to -fl 5 cm 
/ ch 26 Crisis fifth daj 9 00 a m X-ray 3, greater collapse 
/ ch 27 \ppears w ell 

lih 2S Temperature elev ated 9 20 to 9 26 am, 250 cc of air injected which brought 
the pressure from —2 to -}-2 cm Subsequent fall in temperature 
Mar 2 X-raj ^ Complete collapse, slight effusion 

Mar 12 X-ray 5 Beginning re-expansion Convalescence uneventful Discharged 
Apr 24 I ollow-up x-rav 6 

CoaniiciJ Lung rapidlv collapsed w ith frequent small treatments Temporary increase 
in dv spnea follow cd In marked sv mptomatic improv'ement and early crisis 



Fig 2ob C\si V G Sewvl Roestcfnogr^xms 
/ prc treatment 2, partiaj collapse after 1600 cc of air 3 and 4, complete coUapet 
established and maintained 5 beginning e^an»ion of right lunj, 6 air compktelv al>- 
sorlied, lung re C'^panded 
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Fig 24 i Case D T 

(Treated through the courtesy of Dr John H Bumstead) 

Jo>! IS, 1935 10 00 am Onset with pain in mid-chest behind, headache, fever 

10 oO p m , admitted, acutely ill, slightly dyspneic Cough productive of purulent 
and rusty sputum Physical examination and \-ray 1 failed to establish the presence 
of pneumonia 

hm 19 8 30 a m , respirations increased, slight cyanosis 12 10pm, pain in left back, 

definite dulness, distant bronchial breathing over left base 6 00 p m X-ray 2, n ell 
developed pneumonia of left loner lobe 7 00 to 8 45 p m , first pneumothorax treat- 
ment, 00 hrs after onset, 1200 cc , av'crage rate 11 4 cc per min with change in mean 
pressure from —4 5 cm to 0 

hu! 20 ] 30 to 2 00 am , second pneumothorax treatment, 300 cc , average rate 
10 cc per mm , changing the mean pressure from -2 to 4-15 cm Pam in chest 
relieved when patient is propped up 6 20 to 7 30 a m , third pneumothorax treat- 
n^nrf’ rate 10 cc per min , change in intrapleural pressure from —3 to -\-2 5 cm 

/- -A 1 . quite complete collapse Symptomatically much improved 

0 oO to / la p m , fourtli treatment, 400 cc , rate 16 cc per mm , bringing mean pres- 
sure from -I to -l-l a cm > & b i' 


00 p m , maintenance refill 200 cc 
5 30 p m , refill of 200 cc to maintain a positive 


Subsequent 


Jan 21 Improv ement continues 2 
Jan 22 Comfortable, appears n ell 
intrapleural pressure 

Jan 26 2 00 p m X-rij 4, extensive pleural effusion 

Jan 30 Thoracentesis, 350 cc of clear jellovv, sterile fluid withdrawn 
convalescence uneventful 
I eh 14_ X-riy 5 
/•ch 15 Discharged 
\pril 0 Follow -up x-raj 6 

Commcnl T reated bv complete collapse of left lung Prompt s> mptomatic improvement 
ith earlv recoverv bv Ivsis One of the two cases developing a large sterile pleural 
efluMon Earlier treatment presumably would have induced an earlier recovery 
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Tie 24b Case D T Setual RoE^'TCI;^OGRAlls 
J 13 hrs alter onset, 2, 19 hrs later, well de\cloped pneumonia of left lower lobe 
S collapse after 2100 cc of air, -f, pleural effusion (stenie), 5, lung still collapsed, small 
effusion remaining, 6, air completel> gone, lung re expanded 
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Fig 24 a Case D T 

(Treated through the courtesy of Dr John H Bumstead) 
Jan IS, J935 10 00 am Onset -with pain in mid-chest behind 

10 30 p m , admitted, acutely ill, slightly dyspneic Cough pro. 
and rusty sputum Physical examination and x-ray 1 failed to i 
of pneumonia 

Jan 10 8 30am .respirations increased, slight cyanosis 12 L 
delimte dulness, distant bronchial breathing oyer left base 
developed pneumonia of left lower lobe 7 00 to 8 45 p r 
menl, 33 hrs after onset, 1200 cc , average rate 11 4 cc 
pressure from —4 5 cm to 0 
Jan 20 1 30 to 2 00 a m , second pneumothorax 

10 cc per min , changing the mean pressure iron 
relieved when patient is propped up 6 20 to 7 
ment, av crage rate 10 cc per mm , change in inti 
9 00 a rn X-ray 3 Not quite complete colle 
6 50 to 7 15 p m fourth treatment, 400 cc 
sure from —1 to -fl 5 cm 
Jan 21 Improv'enicnt continues 2 00p 
Ja>i 22 Comfortable, appears vv ell 5 
intrapleural pressure 
Jan 26 2 00 p m X-ray 4, exlen- 

Jan 30 Thoracentesis, 350 cc o) 
convalescence uneventful 
/ cb N X-ray 5 
1 cb 75 Discharged 
Iprtl 0 Follow-up \-rav o 
Comment 1 reated by comi 
with early recoverv by 
effusion Earlier tri 
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Tic 25d C\se H K Slri\l Rocntcenocrmis 
J) prc treatment, 2 partial collapse mantle pneumothorax after HOO cc of air 
, ompiete collap'se after 2850 cc of air •/, lung re expanding 


MtDiaNE \OL 15 AO ! 




I'lG 26a Case F H Alcoholic Recurrent Rheumatic Fever since Childhood 
Dyspnea on Exercise tor 9 Months 

Mar 5, 1934 9 00 p m Seized m ith se\ ere pain over right kidney, m hich moved up 

under right ribs 9 30 p m Severe chill Began to cough 
Mar 6 Am Blood> sputum, high fe%er, dyspnea, vomited tv ice 11 30 pm, 
admitted Grunting, shallow respirations, moderate cyanosis Right chest spLnted 
Dulness, suppressed breath sounds and crepitant rales over right middle and lower 
lobes Dulness and tubular breathing in the upper a\illa and across the midscapular 
area Heart action rapid but regular Mitral stenosis 
Mar 7 12 15 a m X-ray i, well developed consolidation of all three lobes on right 

11 11 to 11 53 am, first pneumothorax, 38 hrs after onset, patient on left side, 725 cc , 
rate 17 3 cc per mm Initial pressure —8 cm without any fluctuations until 250 cc 
of air had been given, final mean pressure —5 cm No more air given at this time as 
patient began to hiccough, became quite cyanotic and pulse at times was quite weak 
Oxygen tent 5 00 to 5 18 p m , second pneumothorax, 650 cc , rate 36 1 cc per min , 
raising the mean intrapleural pressure from —7 to —2 cm Oxygen tent 10 50 
to 11 13 p m , third pneumothorax, 650 cc of air, rate 28 3 cc per mm , bringing the 
mean intrapleural pressure to 0 from —1cm Out of Oxygen tent 
Mar S 9 00 a m X-raj' 2, good, though incomplete collapse Small air injections 
at 11 00 a m and 5 00 p m to maintain a positive mean intrapleural pressure, mild 
dvspnea following the second 11 00 p m , auncular fibrillation Apical rate of 110, 
radial 90 Digitalized 

Mar 0 General condition satisfactory 4 00pm temperature 103°, question of spread 
or relapse 4 15 pm X-raj 3, beginning pleural effusion 6 26 to 6 45 pm, 
sixth pneumothorax, 450 cc , av erage rate 23 7 cc per min , raising the mean pressure 
from —3 to 4-1 cm 11 55 p m small injection of 150 cc Prompt drop in temperature 
Mar 10 A m Dv spneic Auricular fibrillation stopped Small air injection to 
maintain a positive mean intrapleural pressure of -\-2 to 4-3 cm 
1/or 12 X-ra> 4, increase in pleural effusion Convalescence uneventful except for 
attacks of djspnca 

Mar 26 X-ray 5 effusion larger Discharged 
.4 pr 3 Shortness of breath better 

ipr 10^ Djspnea worse X- raj (5, further increase in pleural effusion 
Apr 13 Thoracentesis Pressure 4-2 to —3 cm 400 cc of stenle fluid removed, 
200 cc of air injected leav ing the mean pressure at — 1 cm 
Apr IS X-rav 7. no re-accumulation of fluid 
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n, 2C)A Cam F II Arcoiioiic Rlcorri nt RiirmiATic Fnvcu since Cihidhood 
Dysi’NI a on E\i ucisr. tor 9 Months 

l(ir i, 9 00 p m Sci7cd with severe pain over right kidney, which moved up 

under light libs 9 30pm bevert chill Began to cough 

far 0 Am Bloodv sputum, high fc\cr, dyspnea, vomited twice 11 30 pm, 
admitted Grunting, shallow rcsjuMtions, moderate cyanosis Right chest splinted 
liulness, supiirossed breath sounds and crepitant rales over right middle and lower 
lobes Duhiess and tubular breathing in the upper axilla and across the midscapular 
aiea Heart action rapid but regular Plural stenosis 

Iti) 7 12 13 a 111 X-rav 1, well developed consolidation of all three lobes on right 

11 1 1 to 1 1 Slam, first pneumothorax, 38 hrs after onset, patient on left side, 725 cc , 
rate 17 3 cc jici mm Initial pressure —8 cm without any fluctuations until 250 cc 
of air iiad been gi\on, final mean pressure —5 cm No more air given at this time as 
patient began to hiceough, became quite cyanotic and pulse at tmies^was quite weak 
Owgen tent 5 00 to 5 18 p m , second pneumothorax, 650 cc , rate 36 1 cc per min , 
i using the mean intrapleural pressure from —7 to —2 cm Oxygen tent 10 50 
to n 13 p m , third pneumothorax, 650 cc of air, rale 28 3 cc per min , bringing tlie 
mi in intrapleural iiressure to 0 from — Icin Out of Oxygen tent 
far <S 9 00 am X-ia\ 2, good, thouah incomplete collapse Small air injections 
at 11 00 a III and 3 00 pm to maintain a posituc mean intrapleural pressure, mild 
ehvpiuM following the seumd 11 00 p m , auricular fibrillation Apical rate of 110, 
ladiil 90 Digitalired 

far w General condition <sUisfactor\ 4 00 pm temperature 103°, quesUon of spread 
or lelap'-e 1 15 p m X-rav 3, beginning pleural effusion 6 26 to 6 45 pm, 
sixth jmeiimothorax 430 cc , axerage rate 25 7 cc per ram , raising the mean pressure 
from - 3 to +1 cm 1 1 55 p m small injection of 150 cc Prompt drop in temperature 
If ar 10 Vm Dispncic \uricular librillation stopped^ Small air injection to 
miiiitaui a jiositixe mein intrapleural pressure of -1-2 to -{-3 cm 
Ifar 13 X-ni\ 4 increase m pleural effusion Com alescence une\ entful except for 
attacks of dxspnei 

Ifar io X-ri\ 3, effusion larger Disch urged 
1 1'r 3 Shortness of bre itb belter 

l/>r 10 Hespnea worse X-rn 0 further increase m pleural efiusion 
t/'r I3 'Uioraecntesis Pressure -f2 to -3 cm 400 cc of stcnle fluid remoced, 
2WI cc. of air mje'ctcd leiMUg the mean pressure at — I cm 
t/'r IS X-ra\ 7 no re-ace umuUUon of fluid 
\fa\ 9 Some d\ spne \ and palpit ition X-ra> t? 
ffjia X-r\\ 0 Reumusd to work o weeks ago 
wn.c f \ii cxtn'ineh suk pitient with rheumatic heart disease, cardiac dyspnea and 
traiiMCiit .lurieular tibrilhtion Well de\ eloped pneumonia of whole right lung 
lx a trr*\trit nt followed b\ suronsiiish 
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Fjg 26b C\sc F H Serial Roentgenograms 
J pre treatment, 2, good though incomplete colhp^e Tfter 3 treatments totalling 
202a cc ,3,4 S 6, development of large stenlt pleural effusion, 7, S, 9, lung re expanding 
iollouing thoracente'^is 
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Fig 27 \ CAsr E E Pleurisy in Childhood 
Oct JO, 1934 7 30 p m , shaking chill, pain in left low er chest, fever, sputum bloody 

Oct 11 12 00 noon, admitted Acutely ill, face flushed Respirations rapid and 

shallow , slight cyanosis Dulness and crepitant rales at left base behind, w here breath 
and \oicc sounds were suppressed 1 00 p m X-ra>s la and lb, pneumonia of left 
low er lobe, early stage 3 10 p m First pneumothorax treatment unsuccessful 
bec.uisc of adhesions 7 00 p m complained of severe pain in left axilla 
Oct 12 9 00 a m More toxic, slightly cyanotic, pleural pain severe, sputum bloody 

10 00 a m X-rav 2, traumatic pneumothorax 3 24 to 3 54 p m , second pneumo- 
thorax treatment with patient on nght side, 425 cc , average rate 14 2 cc per min, 
mean pressure changed from —2 to 0 cm , pleural pain not relieved 8 19 to 9 08 p m , 
third treatment, 500 cc , with resulting change in pressure from —1 to +1 5 cm 
Oct 13 1 24 to 1 30 a m Pressure readings, only 75 cc of air injected, intrapleural 

pressure 4-2 to -p 3 cm 9 15 am X-ray 3, upper lobe collapsed, lower lobe onlj 
jiarlnlly collapsed due to adhesions, small pleural effusion 2 00 p m Pressure read- 
ings -fO 5 to -1-2 5 cm after the injection of 75 cc of air 
Oct 14 No improvement Blood culture positive 12 00 noon, mean pressure 
-pi 0 cm 

Oct 15 X-ri> 4, slight re-expansion, slightl> more fluid 

Oct 16 3 24 to 3 33 p m , on right side and flat, 125 cc of air given with a change in 

pressure from —4 to —2 cm No longer dv spneic No cyanosis 
Oct 17 Temperature normal Uneventful convalescence 
Oct 27 Discharged 
Voc 17 Follow-up x-rav 5 

Comment Failure of artificial pneumothorax to affect course of disease m patient with 
pleural adhesions preventing complete collapse of involved left lower lobe Only 
case in which a traumatic pneumothorax occurred 
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lie 27b C\St J r SeRUL R01\TetN0GR.\MS 
/j 'ind /» pre trentment traumitic pneumoihom 3 upp^r lobe coU'ips^d, lower 
lobeonb partnlh.duelo adhesions, -/jbeginninf: re expansion, **, aircomp!ttci% absorbed 
lung re-eapandcd 
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Fig 27a Casi L E Pleurisy in Childhood 
Of/ JO, 1934 7 30 p m , shaking chill, pain m left loner chest, fever, sputum bloody 

Oct II 12 00 noon, admitted Acutely ill, face flushed Respirations rapid and 
shallon , slight cyanosis Dulness and crepitant rales at left base behind, %\ here breath 
and V oicc sounds n ere suppressed 1 00 p m X-rays la and lb, pneumonia of left 
loner lobe, early stage 3 10 p m First pneumothorax treatment unsuccessful 
because of adhesions 7 00 p m complained of severe pain m left axilla 
Oct 12 9 00 a m More toxic, slightly cyanotic, pleural pain severe, sputum bloody 

10 00 a m X-ray 2, traumatic pneumothorax 3 24 to 3 54 p m , second pneumo- 
thorax treatment nitli patient on right side, 425 cc , average rate 14 2 cc per mm , 
mean pressure changed from —2 to 0 cm , pleural pain not relieved 8 19 to 9 08 p m , 
third treatment, 500 cc , with resulting change in pressure from —1 to -|-1 5 cm 
Oct 13 1 24 to 1 10 a m Pressure readings, only 75 cc of air injected, intrapleural 

pressure -f-2 to -f-3 cm 9 13 am X-ray 3, upper lobe collapsed, loner lobe only 
partiall> collapsed due to adhesions, small pleural effusion 2 00 p m Pressure read- 
ings -f-O 5 to +2 5 cm after the injection of 75 cc of air 
Oil 14 No improvement Blood culture positive 12 00 noon, mean pressure 
-f-1 0 cm 

Oct 15 X-ray 4, slight rc-expansion, slightly more fluid 

Oct 16 3 24 to 3 33 p ni , on right side and flat, 125 cc of air given nith a change in 

pressure from —4 to —2 cm No longer djspneic No cyanosis 
Oct 17 1 emperalure normal Uneventful convalescence 

Oct 27 Hiseliargcd 
iVfi, 17 Follow -up x-rav 5 

Lomment Failure of artificial pneumothorax to affect course of disease in patient with 
pleural adhesions preventing complete collapse of involved left loner lobe Only 
case in which a triumatic pneumothorax occurred 
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Tig 27b C\se E P SrRivL Koentce\ogr\ms 
treatment 2, traumatic pneumothorax, 3, upper lobe collapsed, loA\er 
c onij partially , due to adhesions, beginning re e-spansion, a, air completely absorbed, 
lung re expanded •foot' , , 
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Fig 28a Case T G Pneumonia in 1918 
Dec 20, 1934 9 00 pm Pam in left chest Mhile at ^^ork Felt sick, -vomited 

10 20 p m , admitted on the surgical service Cough productive of grayish-red, flecked 
sputum ;^Ioist rales and variable fnction rub just below left nipple Impression, 
pleurisy 

Dec 21 Am No localizing signs of pneumonia 

Dec 22 10 00 a m Left side of chest splinted Just below angle of left scapula there 

IS a small area of dulness with increased breath sounds and a few crepitant rales 
12 00 noon, signs had increased 3 00 p m X-ray 1, pneumonic infiltration, upper 
part of the left lower lobe 4 11 to 5 20 p m First pneumothorax, 45 hrs after 
onset, 750 cc , rate 10 9 cc per mm , change in mean intrapleural pressure from —8 to 

— 2 cm Transient, mild, toxic psychosis 8 30 to 9 10 p m , second pneumothorax, 
700 cc rate 17 5 cc per min , intrapleural pressure increased from —4 to +0 5 cm 
Sweated profusely 

Dec 23 1 18 to 1 37 a m , third pneumothorax, 250 cc with pressure change from 

— 1 to -fl cm 8 30 a m X-ray 2, partial collapse of upper lobe, lower lobe held 
out bj adhesions Blood culture positive 

Dec 23-23 Three small air injections to keep mean intrapleural pressure positive 
Course of disease unaltered Recov ery by crisis 
Jati 12, 1935 X-ra> 3 
Jan 17 Discharged 

Comment Failure of artificial pneumothorax to affect course of disease in patient with 
extensn c pleural adhesions 
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Fio 18 d Case T G Serial Roentcenocruis 
i, pre Irealmenl, 2 localized pneumothorax at apex, extensive adhesions, 3, air 
absorbed lung re expanded 
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Fig 29a Case H T 

fan 30, 1934 During afternoon, chill, malaise, severe pain in right anterior lower 
chest Felt fevensh, muscated and found it hard to breath Continued work 
W orse during night 

Jan 31 Worse Pain in epigastrium, nauseated Continued to w ork 
Feb 1 Felt verv ill Admitted 11 00 am Gravely ill Moderate d 3 'spnea Slight 
cjanosis Evamination of chest showed a fnction rub over right front at third inter- 
costal space, a few rales and somewhat altered breath sounds high in nght axiOa, 
diminished breath sounds and rales in the right parav ertebral region over the low er lobe 
Dulness in these areas not very marked 11 30 am X-ray 1, early pneumonia, 
lower portion of right upper lobe and medial portion of the right lower lobe 1 24 
to 1 39 p m , first pneumothorax treatment, 46 hrs after onset, patient on left side, 
3S0 cc , average rate 23 3 cc per min mean intrapleural pressure changed from — S to 
—3 cm 8 13 to 8 23 p m , second pneumothorax, 400 cc , average rate 40 cc per 
min , raising mean pressure from —5 5 to —2 5 cm 
7 d> 2 Chest pain eased though epigastric pain persisted 8 30 a m X-ray 2, partial 
collapse, upper lobe adherent to chest wall 10 07 to 10 15 am, third pneumo- 
thorax, 250 cc w ith change in mean pressure from — 4 to — 1 5 cm 
I eh 3 No change in general condition 
I'ch 4 X-rav 3, consolidation further developed 
Feb a Slight jaundice 

Frb S Cnsis during night X-rav 4 

Feb 27 X-rav 5 Discharged 
Mar 14 Follow -up x-rav 6 

Comment Three small pneumothorax treatments with partial collapse, course unin- 
fluenced 
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Fir 29b C\sf H T Serial Roentgenograms 
1 pre treatment, Z partial collapse after 750 cc of air, adhesion o\cr upper lobe, 
J ad\anced consolidation •/ and 5, resolution progressing, lung expanding, (5, air com 
plelel> absorbed lung re expanded 
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Dec ZO, 193-4 Onset about 6 00 p m with fe\er, pain in left lower chest and left shoul- 
der, cough 

Dec 21 Sputum rusU more fei er 

Dec 22 Icmperature 103°, onl> moderate pleural pain, cough 5 00 p m , admitted 
Moderatelj ill, slightly c\ anotic There w as dulness ov er the left chest from the angle 
of the scapula to base, suppressed breath and voice sounds, fine crepitant rales 
5 30 p m X-ra\ I pneumonia left lower lobe 10 00 p m , 52 hrs after onset, 
to 12 00 noon Dec 23, continuous injection of air with patient flat in bed and needle 
inserted in third left intercostal space lateral to mid-clav icular hne The rate of 
administration with changes in pressure are as follows 

10 00-11 15 p m 800 cc rate 10 7 cc per min Pressure from —8 to —4 cm 

11 15-12 45 a m 625 cc rate 7 0 cc per min Pressure from —4 to —1 cm 

12 45- 2 50 a m “lir flow stopped Position changed 

2 50- 8 00 am 635 cc rate 2 05 cc per mm Pressure from —6 cm on side to 

0 cm on back 

8 15-12 00 noon 160 cc , 0 7 cc per min Pressure from 0 to -f-1 5 cm 

Dec 23 1 30 p m X-rav 2, incomplete collapse 8 00 p ra Temperature 104° 
Relapse 9 40-9 50 p m , w ith patient on back, second air injection of 200 cc bringing 
me in pressure from -j-l 5 to -i-4 0 cm 

Do. 24 2 30 to 2 50 p m with patient on back, mean pressure -f-1 5 cm , patient on 

right side mean pressure — 6 cm , a difference of 7 5 cm of water, 600 cc of air given 
leaving mean pressure at -f-l cm with patient on side but -f6 cm when rolled over 
on back 

Dec 25 12 20 to 12 42 pm 200 cc of air given with pressure readings m two positions 

Dec 26 2 00 p m , \-rav 3 complete collapse 

Die 27 Recoverv bv Usis Convalescence uneventful 

Dec 29 X-rav 4 ' 

Jan S 1935 X-rav 5 Discharged 
7 tv 19 1 ollow -up a-rav 6 

Coii.mot Continuous verv slow administration of first treatment, illustrates impor- 
tance of relation of position to intrapleural pressure, relapse followang incomplete 
collap'L 
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Hg 30d Case R C Seriae Roentgenocrmis 
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Fig 31a Case A C 

Dec 11,1933 Am Got iip but felt chillj and went back to bed Pm Had a shaking 
chill de\ eloped pain in nght chest and cough productie e of rusty sputum 
Dec 12 Am Worse 11 30 pm admitted W’eU marked cj anosis Slightly delin- 
ous Dulness o\er the right lower lobe, increased tactile fremitus, tubular breath 
sounds in the para\ ertebral region 

Dec 13 Noon X-raj 1, pneumonic consolidation upper portion of the nght lower 
lobe 2 40 to 3 00 p m , first pneumothorax, 54 hrs after onset, 400 cc , rate 20 cc 
per mm mean intrapleural pressure raised from —6 to —4 cm 8 00 pm, second 
pneumotliorax, 250 cc , mean pressure raised from —4 to —1 cm 
Dec 14 11 15 am X-riA 2, mantle pneumothorax with partial selective collapse 

of low er lobe 2 00 p m , tliird pneumothorax, 400 cc changing the mean pressure 
from —4 to —05cm Crisis fourth dav Convalescence uneventful 
Dec 16 X-ray 3 
Dec 20 X-raj 4 
Dec 26 X-ra> 5 Discharged 
Jan 24, 1934 Follow-up \-ra> 6 

Comma I First case treated, partial collapse, cntical recovery but early appearance 
of agglutinins makes interpretation doubtful 
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Fig 32a Case T F 

Fcft 11, 1934 A\Noke m the morning i\ith severe pain in right upper chest Denies 
chill, no noticeable fever 

Fch 12 Painvorse 

I eb 13 Pam v orse Came to the Dispensary 1 30 p m admitted Moderately 
toMc Considerable cyanosis of nail beds, respirations accelerated and on inspiration 
there is over-expansion of the right upper chest and marked retraction of the nght 
half of the abdomen Moderate dulness and suppression of breath sounds at the right 
base Few rales at right mi\-a\illa 3 30 p m X-ray 1, atelectasis of right lower 

lobe 4 14 to 4 38 p m , first pneumothorax treatment, 56 hrs after onset, patient 
on left side, 600 cc , rate 25 0 cc per min With the first 150 cc , the mean intrapleural 
pressure was built up from —19 to —5 5 cm 4.1 this point, at the end of expiration, 
a low crunching sound close to the needle w as heard The needle w as turned slow ly and 
with the next 50 cc of air administered, the mean pressure dropped to —11 cm Final 
mean pressure —8 cm Marked sweating Cough troublesome 8 35 to 8 56 p m 
Second pneumothorax, 700 cc , rate 33 3 cc per mm , bringing the mean pressure 
from —6 to —3 5 cm Sweating 

Feb 14 12 55 to 1 20 a m Third pneumothorax, 500 cc , rate 20 cc per mm , mean 

pressure brought from —4 to —15 cm S 00 a m , looks well, no pain 9 00 a m 
X-ray 2 10 16 to 10 30 a ni , fourth pneumothorax, 500 cc , rate 35 7 cc per nun , 

with change in intrapleural pressure from —4 5 to —1 5 cm 8 40 to 8 55 p m , fifth 
pneumothorax, 600 cc , rate 40 cc per mm increasing the intrapleural pressure from 
— 6 to —2 cm 

Feb 15 9 00 a m Seems w ell, sitting up reading 10 30 a m X-ray 3, complete 

collapse 

Feb 16 Transient nse in temperature 11 30 a m X-raj 4 11 55 to 12 12 p m , 

sixth pneumothorax 400 cc bringing tlie pressure from —5 to —2 cm 

Feb 17 Appears perfectlj well Convalescence uneventful 

I'eb 26 X-rav 5 

Feb 2S Discharged 

Mar 21 Tollow-up x-ray 6 

Comment Treated with sufficient air to cause complete collapse, prompt relief of symp- 
toms, carlv recov erv' w ithout dev elopment of agglutinins 

sn 
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Fic 32n Casi T 1 Seri\l Rozntcekogrxms 
i, atelectasis of ri^ht lou er lobe presumabK due to occlusion of bronchus u ith exudate 
pre treatment 2 after 3 treatments totaling 1800 cc , J, 4 , and complete colhpsc estab 
lishcd and mamtamed, 6, re expansion of upper lobe 
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Fig 3L\ Cash R D 

Jan 20, 1934 A m Shaking dull Pam m upper part of right chest 
T an 21 Worse Vomited in the morning Pam m low er right axilla 
Tan 22 8 00 p m , admitted Acutely ill, moderate dyspnea, slight cyanosis, respira- 

tions restricted on the right Diilness over the upper lobe posteriorly and into the upper 
axilla w here there w ere tubular breathing and crepitant rales Friction rub, right axilla 
10 00 p m X-rays la and lb 11 36 to 11 51 p m , first pneumothorax treatment, 
60 hrs after onset, patient on left side, 350 cc , average rate 23 3 cc per mm , w itli 
change m mean intrapleural pressure from —7 to —2 5 cm 
Jan 23 10 00 a m , moderately sick, no cyanosis 10 09 to 10 26 a m , second pneu- 

mothorax, 400 cc , rate 23 5 cc per mm 2 30 p m X-ray 2, mantle pneumothorax 
Slight c\ anosis, pain m right chest 
Tan 21 Crisis during night Conxalescencc uneventful 
Feb 1 Discharged 
Feb 22 Follow-up x-ra> 3 

C omincnl Critical rcco\ erv follow mg 2 small treatments w ith partial collapse but earlj 
appearance of agglutinins makes interpretation doubtful 
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Tib 33b C\se R D Seri\l Roemgenograms 
Ja and J6, pre treatment, 3, mantle pncumothorae after 750 cc of air, J, air absorbed. 
Jung re expanded 


MEMCINE \0L ts laO 1 
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Fig 34a Case J F 

2 30 p m Hot bath, then AAcnt out in cold Aieather to celebrate Neiv 
\ ear s Ea’c 11 30 p m Shaking chill, nausea, A'omiting 

Jail 1, 1934 A m Chill, pain in left chest, anorexia, cough productn e of bloody 
sputum 


Jail 2 3 oO p m , admitted Moderately cj anotic, respirations labored Palm sized 

area of dulnpss, suppressed bronchial breathing below and medial to left scapula 
4 lo p m X-ray 1, consolidation behind heart, left lower lobe 
7(111 J A m Slight cyanosis Frank signs of pneumonia over upper half of left lower 
Jobe behind diminished breath sounds at the base and lower axilla with numerous 
crepitant rales II 30 a m X-ray 2, advancing pneumonia, left lower lobe 12 40 
to 1 00 p m First pneumothorax, 61 hrs after onset, patient on nght side, 300 cc , 
rate la cc per min , initial pressure —8 cm , no fluctuations, final mean pressure —4 cm 
0 oU to 6 48 p m second pneumothorax, 350 cc , rate 19 4 cc per mm , changing the 
mean intrapleural pressure from —3 5 to —0 5 cm 
Jan 4 ^luch improxed 9 00 a m X-rays 3a, patient erect, partial collapse, ques- 
tion of adhesions, 31 patient on nght side, adhesions excluded 1 45 to 2 00 p m , 
mird pneumothorax, SOO cc , rate 20 cc per min , bnnging the mtrapleural pressure 
trom 4 a to — 1 cm Cnsis fourth day Uneventful convalescence 

n ore collapse than previously, small effusion 

Jail 9 X-ray 5, increase in effusion 

13 X-ray 6 upper lobe, re-expanding 
Jan 17 X-ray 7, further rc-expansion 
Jan 19 Discharged 
Tch 19 Follow-up x-ray 5 

Coiriiicnl Second case treated, prompt recoxety' following 3 small treatments with initial 
partial (:ollapse and later complete collapse Early appearance of agglutinins leaves 
interpretation in doubt 
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Fig 34d C 4se J F Serial Rolmcesocr vms 
I and 2 prc treatment Ja partial collapse alter 2 treatments totalling CsO cc ol ait, 
question of adhesions, 3h patient on right side evcUidmg adhesions, 4 and 5, collapse 
maintained, small efluMon developing, 6 and 7, upper lobe re expanding, 8, air com 
pletelj absorbed, lung re expanded 
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Fig 35a Case G S 

(Treated through the courtesy of Dr Theodore S Evans at Grace Hospital) 

Mar IS, 1935 Onset with pain in left chest, fever, dry cough 
Mar 19 5 50 p m No localizing signs 

Mar 20 Worse 

Mar 21^ Signs of pneumonia, left lower lobe 10 00 am X-ray 1 12 00 noon 

to 1 oO p m First pneumothorax, 64 hrs after onset, patient on left side, 1000 cc , 
rate 11^1 cc per min , mean mtrapleural pressure changed from —5 5 to 0 cm , 5 35 
to 6 17 pm, second pneumothorax, 1100 cc , average rate 26 2 cc per mm, with 
change in mean pressure from —3 5 to 4-2 5 cm 8 00 p m X-ray 2, almost com- 
plete collapse 

Mar 22 10 00 a m Seemed improved, less toxic, less dyspneic, 5 45 to 6 15 p m , 

tliird treatment, 300 cc , witli change in pressure from —1 to +2 cm , rate 10 cc per 
mm Sharp drop in temperature 

Mar 23 Temperature rose steadily dunng the early am No signs of spread to nght 
elicited on physical exarmnation but x-ray 3, taken at 10 00 a m , showed early spread 
to right upper lobe 1 00 p m , Type I serum, 100,000 units, admimstered, mild 
serum reaction Prompt recovery 
Mar 30 X-ray 4 Re-expansion 

Apr 15 Discharged At this time x-ray showed complete re-expansion 
Comment Fairly advanced case, verj' toxic, temporary symptomatic relief following 
pneumothorax therapy but relapse w ith spread to nght upper lobe 
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Fig 35b Case G S Serial Roentgenograms 
J, pre treatment, 2, collapse foUoA\ing 2 treatments totalling 2100 cc of air, 3, spread 
to right upper lobe, 4, pneumonia resolved, lung re expanding 
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Fig 36a Case F M 

Mar 2, 1035 P m Pam in left chest, more severe on inspiration 
^^ar 3 10 00 am Cough Nauseated and Aomited Pm Chills 

Mar -f Worse P m , fainted 7 30 p m , admitted Very toxic Splinting of left 
chest Signs of early consolidation o\ er left loi\ er lobe 8 00 p m X-ray 1 Early 

infiltrauon, upper portion, left loner lobe 11 21 pm to Mar 5, 2 50 a m , first 
pnejimotliorax, about 50 hrs after onset, patient on right side, 2200 cc , average rate 
10 5_cc per min , initial mean intrapleural pressure —75cm, final 0 cm 
Mar 5 8 30 a m X-ray 2, partial collapse, adhesions 9 40 a m second pneumo- 

thorax, 600 cc, AMth change in mean intrapleural pressure from —2 to +2 5 cm 
5 00 p m , appears n orse, moderate cyanosis 
l/ur 6 Somew hat better but still sick 

Mar 7 Quite sick, d} spneic and cyanotic 

Mar S Worse Oxygen tent Spread to right lower lobe 1139 am Patient flat 
on back, mean intrapleural pressure +15 5 cm , 1200 cc of air withdrawn, reduemg 
Uie mean intrapleural pressure to — 6 cm Color and respirations improved Ab- 
dominal distention troublesome 9 13 p m Patient flat on back, 325 cc of air 
removed, lowering the mean pressure from —4 5 to —10 cm 
Mar 9 Progrcssiveh worse 1 05 p m Died 

Comment Severe case, partial collapse, adhesions (not well seen in X-ray picture) pre- 
V enting complete collapse, subsequent spread to nght low er lobe, terminal septicemia 
and death In retrospect this case was poorlv managed With adhesions present 
and increasing djspnea in evening of fourth daj, an intrapleural pressure reading 
should have been taken at this time, air removed and Type I serum giv en Of 28 cases 
firet trcilcd earlier than /2 hrs after onset this nas the onl\ one to die 
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Fig 37a Case H McV 

Mar 12, 1935 Alcoholic debauch 

Mar 13 Noon A\\ oke i\ ith pain m nght lou er chest Pm Felt fevensh 

Mar 14 Chest pain \\ orse 

Mar 15 A m Sputum bloody Generalized convulsion 3 30 pm admitted 
Acutelj ill Slight cyanosis Signs of consolidation at right base behind extending 
into right axilla 4 00 p m X-ray 1 5 05 to 6 13 p m , first pneumothorax treat- 

ment, about 53 hrs after onset, patient on left side, 1600 cc , average rate 23 5 cc 
per mm , bringing the mean intrapleural pressure from —4 5 to 0 cm No reaction 
8 00 p m X-raj 2 Adhesions 10 37 to 11 28 p m second pneumothorax treat- 
ment, 1200 cc , rate 23 5 cc per mm , with change in intrapleural pressure from —3 5 
to 0 cm 

Mar 16 Delirium tremens Am X-ray 3 

Mar 17 Condition unchanged 12 30 to 12 46 p m , third pneumothorax, 400 cc , 
rate 25 cc per min , bnnging the mean intrapleural pressure from —3 to 0 cm 

Mar 19 10 00 am X-ray •/, spread to nght upper lobe 

Mar 21-23 Recoverj by lysis 

Mar 24 Improiement in mental symptoms with fall in temperature 

April 4 Discharged 

Comment Failure of artificial pneumothorax to influence course of disease m case with 
adhesions pre\ enting adequate collapse of right lung 
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Fig 37b Case H McV Serixl Roentgenogr\ms 
1, pre treatment, 2 and J, local pneumothorax, cxtcnsiNe adhesions, 4^ spread to 
right upper lobe 
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Fig 38a Case D G Alcoholic Left-sided Pleurisy in 1931 
Jan 17, 1934 A m Shaking chill with persistent chilliness throughout the day 
Jan IS Am Pam in left lower chest antenorly and in left shoulder P m , nausea 
and vomiting Cough productive of green sputum 
Jan 19 12 15 p m , admitted Face flushed Signs of consolidation at left base 

behind, extending into lower left a-silla 1 30 pm X-ray 2 3 20 to 3 33 pm First 
pneumothorax treatment, about 56 hrs after onset, patient on right side, 300 cc , average 
rate 23 1 cc per mm , initial mean pressure —9 cm , final mean pressure —35 cm 
Vomited tw ice 9 43 to 9 55 pm, second pneumothorax, 250 cc , average rate 
20 8 cc per mm, changing the mean intrapleural pressure from —5 5 to —2 5cm 
No reaction 

Jan 20 9 30 a m X-ray 2, adhesions General condition fairly good 

Jan 22 Worse Signs of fluid at left base, question of spread to right 11 00 am 
X-ray 3, fluid at left base 6 30 p m Tj^ie I serum 60,000 units Thoracentesis, 
10 cc moderately cloudy, amber fluid Culture, pneumococcus Type I 
Jan 2S Thoracotomy Stormy post-operative course with dehnum tremens 
I’ch 3 X-ray 4 
Apr 16 X-ray 5 

il/ay 5 Discharged Draining fistula 
Oct 1 Entirely recovered X-ray 6 

Comment Severe alcohohe with heavy bacteremia Sixth case m the senes, two small 
pneumothorax treatments, numerous adhesions, bacteremia checked by Type I serum, 
empj ema, ex entual recoverj' 
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Fig 39a Case R P 

Mar 23 1935 P m Shaking chill lasting an hour followed by nausea, vomiting and 
pam in the right axilla 

Mar 24 Cough productive of rusty sputum, chill in evening 

Mar 25 Same 

Mar 26 2 30 p m , admitted Slight cyanosis, accelerated respirations Signs of 

consolidation over right low er lobe 4 00 p m X-ray 1, pneumonia right low er lobe, 
question of involvement of lower portion of right upper lobe 6 05 to 6 46 p m 
First pneumothorax treatment, about 67 hrs after onset, patient on left side, 1050 cc , 
average rate 25 6 cc per nun , changing the mean intrapleural pressure from —45 
to -1-2 cm Sharp pam over anterior right chest w'hen rolled on to back, suggesting 
adhesions 11 59 p m to 12 21 a m , second pneumothorax, 800 cc average rate 
36 4 cc per mm On turning, dragging pain under right nipple 

Mar 27 8 00am X-ray 2, partial collapse, adhesions 

Mar 30 Transfusion 300 cc Recovery by Ijsis, 8th to 10th days Convalescence 
unc\ entful 

Apr 12 Discharged 

Comment Recently treated case Experience having shown that further treatment in 
cases with adhesions is una\ ailing, no maintenance refills were given 
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Fig 39n Case R P Roentcenogrmis 
/ prc treatment, 2, adhesions, further treatments contraindicated 
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Fic 40 \ Case S C 

April2,1934 6 00am A\\oke with shaking chill, chilly all morning Fe\ertolOS° 

^'^omlted 

April 3 Fe%er 105° Dj'spneic Pain in right chest on breathing 
April 4 Condition the same 

Aprils Cough 12 00 noon, admitted Acutely ill IModerately dyspneic, prostrate 
Moderately cyanotic Chest expansion limited on right, dulness over R L L m itli 
broncho\ esicular breathing behind, increased fremitus and fine rales Breath sounds 
suppressed m ixilla 1 00 p m X-ray 1, advanced consolidation of R L L 4 14 
to 4 29 p m , first pneumothorax, about 82 hrs after onset, patient on left side, 700 cc 
of air given at rate of 46 6 cc per min , raising the mean intrapleural pressure from 
— 7 to —3 cm 9 04 to 9 20 p m , second pneumothorax, 700 cc , rate 43 8 cc per 
min , changing the pressure from —3 5 to —2 cm 
Ipril 6 1 15 to 1 33 a m , third air injection, 550 cc , rate 30 6 cc per min , bringing 

the mean pressure from —25 to -{-1 cm 9 00 a m X-ray 2, extensive adhesions 
9 30 to 9 35 a m Pressure readings before and after the administration of 100 cc of 
air 0 to -pi cm No change in general condition 
April S 10 00 a m Seemed improied 10 30 to 10 38 a m , fifth pneumothorax, 
250 cc , which raised the pressure from —1 to 0 cm Crisis during night Conva- 
lescence unc\ entful 

April 14 X-raj 3, beginning re-expansion 
.4 pril 21 X-raj 4 Discharged 
May 30 Follow-up x-ray 5 

Covtmcitl Adxanced case with adhesions Artificial pneumothorax failed to influence 
the course of the disease 



lic 40b C\si S C Seri\l Roevtgenograms 
/ pre <?<j and 6, localized pneumothorax extcn'^ixe adhesions 3 and 

resolution small pleural effusion, 3 air completely ab orbed, lung re*expandcd 
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Fic 41b Case R Co Roevtclnograms 

iff? consolidation of nght lower lobe, Z mantle pneumothorax, 
adhesion between lower lobe and diaphragm, spread to left lower lobe 
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Fig 42a Case J L Cold and Cough of 2 Weeks’ Duration 
Mar 6, 1934 Worse Dyspneic Sputum bloody 
Mar S Pm, sharp pam left lower axilla, relieved by plaster 

M ar 9 Increase in w eakness, cough, dj'spnea 9 20 p m , admitted Respirations 
noisy and shallow Slight cyanosis Generalized arteriosclerosis Arteriosclerotic 
heart disease, auricular fibrillation Emphysematous chest Dulness over left mid- 
front extending high into left axilla Breath sounds tubular m front, suppressed 
in axilla 

Mar 10 12 00 m X-ray 1, pneumonic consolidation lower portion of left upper lobe 

1 26 to 2 15 a m First pneumothorax treatment, about 90 hrs after onset, patient 
on right sid_e, raising the mean intrapleural pressure from —3 to -j-l cm , rate 10 2 cc 
per mm 5 58 ajn , second pneumothorax, 100 cc , increasing mean pressure from 
— 3 5to— 1cm 7 00am Patient quite cyanotic, radial pulses almost imperceptible 
Oxygen tent 8 34 to 8 41 p m Pressure readings show mean pressure to be -1-4 
to -J-5 cm 

M ar 11 Grew progrcssix ely w orse all day Died at 3 40 p m X-ray 2, post-mortem 
Post-mortem examination Diffuse pneumonia, L U L Focal pneumonia, R "M L 
Serofibrinous pleurisy, left, fibrinous pericarditis Generalized arteriosclerosis, m 3 ' 0 - 
cardial fibrosis, fibrous pleural adhesions, right 
Commctil Advanced septicemic case, artificial pneumothorax of no value 
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Tic 42 d Case J L Roentglnograms 
1 , pre treatment, 2 ^ postmortem 




THE TREATMENT OF HUMAN BRUCELLOSIS 
A Review of Cureent Therafexjtic AIethods 

CHARLES M CARPENTER, M D , akd RUTH A BOAK, Fn D 

Department of Baetertologyf University of Rochester School of hfeJicine and Dentistry^ 
Rochester^ New I orh 

An attempt to evaluate the effectiveness of therapeutic agents for 
the treatment of human brucellosis encounters to an unusual degree 
the difficulties mherent in the analysis of clinical data This is true 
for several reasons, of which the frequent occurrence of either remis- 
sions or spontaneous recovery is the most important Another 
difficulty IS the validity of a diagnosis which rests only on the presence 
of a febrile syndrome and brucella agglutinins Such evidence does 
not constitute a reliable diagnosis, because the agglutinms may have 
been the result of a previous sub clinical infection In fact, this is not 
uncommon, espeaally in rural distncts Furthermore, brucella ag- 
glutmms may have been produced by an anamnestic reaction mitiated 
by a febrile response to some other mfectious agent In some reported 
mstances, a positive skin test was the only speafic evidence on which 
the diagnosis was based From our present knowledge of antigens 
available for mtradermal tests, such evidence alone is insufficient, 
espeaally when 20 per cent of the residents in certain communities 
show a positive reaction to the test (1) In addition to fever and a 
positive agglutination test, the presence of certain other findmgs, 
such as, for example, a possible source of mfection, general malaise, 
night sweats, weakness, depression, secondary anemia with a low 
normal white blood cell count or a leukopema with a relative lympho- 
cytosis, positive mtradermal test, and exclusion of other diseases, makes 
the diagnosis unquestionable A history of undulant fever, also, 
might be considered to be an aid in dassifymg the disease, since re- 
currences are not infrequent The isolation of the organism establishes 
the diagnosis of brucellosis beyond doubt, but the frequemy of failure 
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to recover it makes the recognition of the disease depend upon other 
findings in most instances 

This report includes a survey of the literature on the treatment of 
human brucellosis, and the results of our own experiences with thera- 
peutic agents employed for the relief of this disease No attempt has 
been made to differentiate between infections caused by bovine, by 
porcme, or by caprine strains, since all members of the genus Brucella 
bring about the same tissue response The entire hterature on therapy 
has been reviewed, but most of the facts recorded in this report have 
been selected from 67 original contributions No consideration has 
been given to the medicinal agents used for the relief of such symptoms 
as pain, sweating, or constipation, drugs designed for the immediate 
comfort of the patient This discussion is concerned with only vac- 
cines, serums, toxic filtrates, and chemicals, that is, agents which are 
employed for their specific immunological and bactericidal activities 
An endeavor was made to evaluate each agent on the basis of the 
average duration of illness, and espeaally on the time required for 
the relief of symptoms after treatment was instituted A study of the 
literature has revealed, however, the shortcomings of such an ap- 
praisal, because of the meager mformation submitted by most authors 
Summaries and general statements as to the efficacy of this or that 
treatment abound, and comprise all the information available in most 
cases 

A wide variation in the duration of illness is characteristic of 
undulant fever Deaths from this disease are mfrequent, but its 
morbidity may be severe It is difficult for the patient or the physician 
to state the exact length of illness in any chronic infectious disease, 
and especially so in undulant fever, because of the gradual onset and 
the slow convalescence A study of the cases reported in the litera- 
ture, and those observed personally, however, shows the average dura- 
tion of the disease to be about 3 months The extremes range from 
10 days to 6 months, and occasionally recurrences of s3anptoms may 
continue for 6 or more years Hughes (2), m 1897, stated, “It may be 
safely said that the average pyrexial duration exceeds 60 or 70 days, 
while cases have been known to exceed 300 days ” Bassett-Smith (3) 
stated that m 1904 there occurred in the British Navy, 430 cases of 
undoubted Brucella mehtensts infection, totallmg 28,458 days of 
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lUness, which is an average of 66 days of sick leave for each patient 
He observed the average duration of mehtensis infection to be 4 
months Hardy (4) reported that the average period of incapaatahon 
for 212 patients with Br abortus infection was about 3 months He 
states, “The percentage by periods are as follows One month or less, 
19 per cent, 1 month to 10 weeks, 27 per cent, 3 to 4 months, 34 per 
cent, 5 to 6 months, 11 per cent, more than 6 months, 9 per cent ” 
Since few clinical cases of undulant fever are untreated, the thera- 
peutic value of speafic treatment, t e , by serums, vaccmes, toxic fil- 
trates, and chemicals, can best be obtamed by comparing a group of 
patients subjected to such therapy with a group treated sjnnpto- 
matically Although symptomatic treatment may shorten the course 
of a disease, a group of cases so treated may serve as a control, because 
such treatment has little influence on the natural anbgen-antibody 
relationships 

A summary of 26 cases of brucellosis treated symptomatically, of 
which 18 were observed at the Strong Memorial Hospital, Rochester, 
New York, and 8 treated elsewhere, is presented m table I Only 
uncomplicated cases of undulant fever are included Br abortus 
was isolated from the blood of about 30 per cent of the group TVith 
the exception of 2 cases, recently observed, all have been followed for 
from 1 to 10 j ears The duration of illness varied from 2 to 72 weeks, 
with an average of 12 5 weeks Three deaths have occurred in this 
group, of which only 1 was due to undulant fever Seven patients 
have had recurrences of symptoms which, with one exception, have 
been mild, and in some instances, questionable None has required 
hospitalization or the care of a physiaan durmg these recurrences 
The following report illustrates a typical case and the type of sympto- 
mahc medication received by patients in this group 

M A , a 40-> ear-old moderately obese Jewish man, was admitted to the 
hospital, March 2, 1931, complaining of fever His present illness, which 
began 6 w eeks before admission, was first diagnosed as ‘fla gnppe ” Weak- 
ness and fever had been present until the time of admission His past his- 
tory was unimportant Physical examination showed the temperature to 
be 37 8°C , pulse, 90, respiraUon, 24, blood pressure, 110 sjstohc, 60 di- 
astolic Except for general weakness, mental depression, and general 
apathy, the phjsical examinaUon was negaUve The laboratory findings 
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were as follows Hemoglobin, 75 per cent, red blood cells, 3,750,000, white 
blood cells, 5,300, urine, negative, x-ray of sinuses, negative, x-ray of chest, 

TABLE I 


Durahon of illness and period of observation m 26 cases of undulant fever treated 

symptomatically 


PATIENT 

LENGTH or 
ILLNESS 

PE^OD OP 
OBSERVATION 

REMARKS CONCERNING PRESENT STATUS 


weeks 

years 


R B 

6 

10 

Occasional cervical lymphadenitis and syno- 
vitis of right knee during first S years 

C T 

2 

9 

No recurrence of symptoms 

R G 

7 

9 

No recurrence of symptoms Died from in- 
testinal obstruction 

R F 

7 

8 

Several mild recurrences of fever dunng first 
year 

H G 

11 

s 

No recurrence of symptoms 

R W 

6 

8 

No recurrence of symptoms 

L M 

7 

7 

No recurrence of symptoms 

E F 

8 

6 

No recurrence of symptoms 

P G 

7 

6 

Tired easily for 2 years 

P R 

3 

6 

No recurrence of symptoms 

F Lu 

20 

5 

No recurrence of symptoms 

M Ab 

28 

5 

No recurrence of symptoms 

M Ph 

8 

5 

No recurrence of symptoms 

M At 

8 

4 

No recurrence of symptoms 

W Hv 

20 

4 

No recurrence of symptoms 

G An 

8 

3 

Tonsillectomy Br abortus isolated from ton- 
sils No recurrence of symptoms 

L C 

7 

3 

Annual recurrence of fever m sprmg for 3 years 

A B 

26 

2 

Recurrence of mild symptoms 18 months later 

H H 

22 

2 

Recurrence of mild fever dunng first year 

J N 

2 

2 

No recurrence of symptoms 

Wi 

3 

2 

No recurrence of symptoms Died — acci- 
dental drownmg 

E Hi 

11 

1 

Slight fever and backache three months later 

L McE 

72 

1 

Several recurrences of fever during first year 
Died from endocarditis 

J P 

3 

1 

No recurrence of symptoms 

E Ha 

14 

4 months 

Afebnle, but still v eak 

D H 

10 

3 months 

Afebnle, at present, but reco venng from second- 
ary anemia, psychosis, and weakness 


definite cloudmg at the apices, Wassermann, negative, serum titer, 1 to 
360 with Br aborliis antigen, blood culture, negative The course in the 
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hospital was uneventful The patient was febrile unUl 7 days before dis- 
charge on March 17, 1931 He received the following treatment 

3/ 2/31 Ephedrme inhalant, 2 drops, every 3 hours 

Acetanahd, 0 20 gram, every 3 hours, when necessary 
3/ 3/31 Pyramidon, 0 650 gram 
3/ 4/31 Acetanalid, 0 20 gram 

3/ S/31 Fluid extract, cascara segrada, 4 cc , 3 times a day, after meals, 
and at night 
Barbital, 0 325 gram 
3/ 6/31 Tomato juice, daily 

1 Hams yeast tablet, 3 tunes a day 
Pyramidon, 0 325 gram 

3/ 7/31 Blauds pills, 0 325 gram, 3 times a day 
Liver once a day 

3/ 8/31 Sulfonal, 0 65 gram, in IS cc hot whiskey 
Codeme, 0 030 gram 
Pyramidon, 0 650 gram 

3/10/31 Luminal, 0 097 gram m hot milk at bed time 
3/11/31 Qumine, 0 2 gram, every 3 hours 
Barbital, 0 325 gram, at bed time 
3/12/31 Luminal, 0 097 gram, at bed time 
3/13/31 Tnonal, 0 325 gram, at bed time 
3/15/31 Barbital, 0 650 gram, at bed tune 

The therapeutic methods employed for the treatment of undulant 
fever are considered under the following headings (1) vacane therapy, 
(2) serum therapy, (3) therapy with toxic filtrates, (4) chenucal 
therapy, (5) foreign protein therapy, (6) therapy with artificially 
mduced fever, (7) mixed therapy 

VACCINE THERAPY 

Smce vacane therapy has been most extensively employed for 
treating human brucellosis, we shall consider it first Twenty-seven 
of the 67 original reports, which we have reviewed, were concerned 
with the use of a vacane which was prepared from stock or autogenous 
strains of either or both Br abortus and Br meltlensts The various 
reports included data on from 1 to 95 cases, with a total of 350 patients 
Wright (5) first prepared and used a heat killed vaccine, made from 
a culture of Br meltlensts, for the treatment of undulant fever It is 
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often referred to as “Wright’s vaccine ” Other early work on vaccina- 
tion was undertaken by Bassett-Sroith, who made 3 reports The 
first (6), which appeared m 1912, described the treatment of a patient 
who, after an illness of 4 months, was given 7 injections of from 100 to 
500 miUion organisms at 5- and 7-day intervals His temperature 
became normal after the second injection, and remained so for the 5 
weeks durmg which he was observed In 1921 (7), he treated 2 cases 
of “paramehtensis” infection with a heat kiUed-vaccme, prepared 
from a culture evidently identified at that time as B ■paramehtensis 
The mjections were given after illness had existed for many months 
One recovered, while the other died, after receiving 5 increasing doses 
of the vaccine, beginning with 250 milhon organisms Marked local 
and general reactions, including generalized purpura, occurred in the 
fatal case Later (3), in the same year, he reported on the treatment 
of 61 cases with a stock mehtensis vaccine, made from recently isolated 
strams His summary states, 

. in acute cases with much autoinfection little or no good was derived 
from vaccine therapy, but in more chronic forms with irregular or slight 
temperature there was a distinct benefit In some, when vaccmes were 
given on a nsing wave, this fever was cut short and permanently kept down 
Smce these mvestigations were made I have generally used vaccme and often 
with good effect, substituting a sensitized for the ordmary vaccine, but I 
still think that with very high temperature the vaccine should not be given. 

This advice was given 15 years ago, but it is still sound 

Owen and Newham (8), m 1915, treated 1 case of undulant fever 
with 4 injections of an autogenous vaccme, given 2 months after the 
onset The patient improved, but during convalescence developed 
pneumoma, from which he recovered He was discharged from the 
hospital 4 months later Caronia (9), in 1917, treated successfully 8 
cases of undulant fever with a lysed vaccme, a type which he believed 
he had previously proved to be valuable in the treatment of enteric 
fevers Each patient was given from 2 to 5 intramuscular injections 
of 1 cc each of the vaccine from 2 to 12 weeks after onset of the 
disease Within a week, defervescence had occurred in all the 
patients, while other symptoms as well had subsided in 2 others, 1 of 
whom had received the vaccine intravenously, the other, 1 intravenous 
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and 1 intramuscular injection Caronia prepared his vaccine by 
incubating a saline suspension of the organisms with human antimeli- 
tensis serum for 36 hours at 37°C After the addition of more anti- 
serum, remcubation was repeated as above After adding 0 5 per 
cent of phenol, the suspension was slowly centrifuged Subsequently, 
tlie supernatant fluid, which constituted the vaccine, was heated for 1 
hour at 55°C on each of 3 consecutive days 
Caronia’s vaccine was employed in 1918 by Chiriaco (10) on 3 cases 
with satisfactory results DeFmis (11), in 1923, reported the cure of 
55 cases of undulant fever, probably of caprine origin, with a vaccine 
prepared from stock strains of Br mchtcims, according to Caronia's 
method He summarized his results by stating that the majority of 
his patients improved immediately after use of the vacane, and that 
m some cases defervescence occurred by crisis The fever of those who 
faded to respond immediately soon returned to normal by lysis 
Furthermore, the enlarged livers and spleens rapidly resumed their 
normal sizes Usually, a slight fcbnlc reaction occurred after injec- 
tion of the vaccine 

We have had no experience with this type of vaccine but the brilliant 
results reported by 3 investigators from its use on 66 cases, without a 
single failure, should prompt others to employ it 
An unfavorable experience with the use of a vaccine was noted by 
Alfred-Coury (12) in 1922 One of 2 cases treated with “Wright’s 
vaccine" died in 24 hours from a hyperpyrexia (42 5°C ), while the 
other refused to continue its use because of a severe systemic reaction 
followmg the first mjection 

Courcoux,Lelongand Gordey (13), in 1922, unsuccessfully treated 1 
patient, 3 months after onset, with a heat killed autogenous vaccine 
Dargein and Plazy (14) reported unfavorably on the vacane treatment 
of 9 cases Seven officers, whose infection originated from an aborting 
bitch, derived no benefit from injections of from SO to 200 million 
heated organisms obtamed from autogenous cultures Each of 2 
infected laboratory workers was subjected to large doses of a vacane 
sensitized wath autogenous serum Each received doses of from 500 
million to 6 billion bacteria In one, the duration of the disease may 
have been shortened 

In studying the value of the oral administration of vacemes, Nicolle 
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and Conscil (15), in 1922, treated one patient experimentally injected 
subcutaneously with 450 millions of living Br mclitensts orgamsms 
S}Taptoms developed in 17 days, but agglutinins could not be demon- 
strated m the blood serum for a month They state that daily vaccine 
treatments of this patient by mouth resulted in a cure This statement 
seems unwarranted because of such meager evidence 

Khaled (16), in 1923, used a heat killed Br abortus vaccine for the 
treatment of 3 cases of Br mclitensis infection, believing that it would 
be less toxic than one of caprine ongin Six subscutaneous inj'ections, 
contaimng 300, 600, 800, 1,000, 1,500, and 2,000 million organisms 
per cubic centimeter, were a dmini stered at 5-day intervals In onl)’^ 
2 instances was the length of lUness previous to treatment given,— 2 5 
and 29 weeks, respectively The former patient became afebrile in 26 
days, the latter was reported to have improved The temperature of 
the third case returned to normal 37 days after treatment was dis- 
contmued 

Sergent, Mignot and Kounlsky (17), in 1926, described the recovery 
of 1 case of undulant fever after the admmistration of an antimehtensis 
vaccme, prepared by Ranque and Senez and called “vaccin lode ” 
Keefer (18), in 1924, reported the first case of imdulant fever due to 
Br abortus m the United States Vaccine therapy was employed 
without benefit Arloing and Langeron (19), in the same year, ob- 
served an “Arthus phenomenon” after inj'ectmg, subcutaneously, 250 
million heat killed organisms mto a patient ill 2 5 months with the 
disease His temperature became normal m 24 hours, and after 4 
weeks’ convalescence, he recovered completelj’^ 

Kristensen (20), in 1928, commented favorably upon the use of 
abortus vaccmes, but gave no data He recommended the method of 
vaccination used by Parisot and Simonin (21) It was Kristensen’s 
impression that vacanes have no specific effect, and are of no more 
value than foreign proteins 

In 1929, Angle (22) reported on the treatment of 10 cases of un- 
dulant fever with a heat killed vaccme This was prepared from 
bo\’ine and porcine strains of Br abortus and contamed 6 biUion or- 
ganisms per cubic centimeter Subcutaneous and mtramuscular 
injections of from 0 25 to 1 cc were given at intervals of from 2 to 3 
days The treatments were administered from the second to the 
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twenty-sixth week after onset of symptoms As a rule, a systemic 
reaction occurred, followed by complete defervescence m from 1 to 3 
weeks Recently the same worker (23) gave a similar vaccine to 95 
cases Of these, 84 were hospitalized for an average penod of but 22 
dajs Eleven per cent had a recurrence One patient with chole- 
cystitis failed to improve, while 2 died from subacute bacterial endo- 
carditis Simpson (24), in 1930, reported favorable results m 46 cases 
injected with a suspension containing 2 bilhon heat-killed organisms 
per cubic centimeter Hansmann and Schenken (25), in 1932, de- 
scribed a fatal case of meningoencephalitis, due to a porane strain, 
that had been treated -with autogenous and stock vaccines early m the 
course of the disease 

Poppe (26), in 1933, had excellent results in 16 of 20 cases treated 
with from 8 to 10 intramuscular mjections of a heat killed vacane con- 
taming 10 million bacilli per cubic centimeter One-half cubic centi- 
meter of the suspension constituted the first injection, which was 
gradually mcreased to 2 cc He observed that the best results were 
obtained when a systemic reaction followed the injections O’Neil 
(27) prepared a detoxified vacane by treating cultures of Sr abortus 
with nitrous acid Five patients, injected subcutaneously with doses 
graduated from 0 05 to 0 5 cc of a suspension containing 200 million 
organisms per cubic centuneter, made satisfactory recoveries without 
expenenang severe reactions Beattie and Rice (1), in 1934, reported 
the successful vaccine treatment of 3 cases 

During the last year, several investigators have observed better 
results from injectuig vacanes mtravenously than by other routes 
Giugni (28) noted marked systemic reactions after intravenous admin- 
istrafaon, followed by rapid defervescence and disappearance of spleno- 
megaly Initial injections of from S to 10 million bacteria were given, 
followed after from 2 to 5 days by doses which increased from 50 to 
300 million organisms Eight to 10 injections resulted in complete 
cures The doses employed did not cause too severe reactions, even 
w hen used on very ill patients Bianchi (29) recommended the intra- 
venous use of vaccines, and stated that 20 cases had been completely 
cured 

The results described by Caronia (9) and by DeFinis (11), from the 
use of lysed vaccines for Sr mchlcnsts infection, were the most 
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spectacular Although the periods of convalescence and observation 
after treatment were not stated, these patients became afebrile in 
from 1 to 7 days after treatment Only mild reactions occurred after 
the injections, and no failures or deaths were reported 

It IS evident from this review that attributing favorable results in 
the treatment of undulant fever to a specific effect of vaccines is not 
justifiable It seems to us to be more probable that their value is 
dependent upon the intensity of the generalized systemic reaction 
evoked by their injection The type of vaceme used, apparently, has 
little to do with the outcome The toxic effect of vaccines may be 
dangerous, which demands conservatism in their use 

SERUM THERAPY 

Of a total of 67 reports, only 13 discuss the use of serum therapy, 
which, of course, has been employed more extensively than the 
published accounts indicate Human convalescent serum, and various 
animal antisera, prepared against strains of Br abortus and Br 
mchtensts, have been used Wright (5) pioneered also in the sero- 
therapy of brucellosis He prepared an antimelitensis horse serum 
which Aldridge (30) used for the treatment of 5 cases, the results of 
which were reported in 1898 Aldridge refers to the serum as an 
“antitoxic plasma ” Two cases did not improve when treated m the 
sixth and ninth weeks, respectively, of their illness A third, given the 
serum in the seventh week of the disease, improved temporarily, but 
relapses occurred The remaining 2 cases received several mjections 
of the antiserum early, and appeared to derive benefit from the 
treatment Eyre (31), in 1908, made the following statements on the 
use of antiserum 

In 1895 Wnght infected goats and in 1896 a horse was inoculated with 
Micrococcus mehiensis m the attempt to produce an antiserum, and about SO 
cases seem to have been treated mth the serum from the horse (Aldridge, 
Fitzgerald, and Ewart), but the published cases do not offer any very con- 
vincing evidence of the value of such serum 

Trambusti and Donzello (32), m 1909, reported favorable results 
from the use of an antimelitensis goat serum Elristensen (20), in 
1928 treated 10 cases of undulant fever, probably due to Br abortus, 
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With an antimelitensis horse serum, 8 of which improved, while 2 failed 
to respond A bovine antiabortus serum was administered to 7 other 
patients, which cured 4, but failed to modify the course of the disease 
in 3 Baker (33), in the same year, reported on the use of human 
convalescent serum on 1 case, which improved temporarily, but later 
had recurrences Modinos (34), in 1929, treated a boy with 2 sub- 
cutaneous injections of a blister fluid obtained with a cantharides 
ointment, and states that he recovered rapidly 
Recently, the development of a more potent antiserum has engaged 
the attention of several investigators O’Neil (27), in 1933, reported 
excellent results in treating 3 cases of undulant fever with a goat 
antiserum produced by cultures treated with nitrous aad In the 
followmg year, Beattie and Rice (1) reported the treatment of 3 cases 
with the serum prepared by O’Neil which became afebrile in 2 days, 1 
week, and 2 weeks, respectively, makmg the average duration of illness 
4 5 weeks Wherry, O’Neil and Foshay (35) later descnbed the 
results of treating 26 cases with a serum developed by mjecting goats 
wth formalin killed cultures subsequently detoxified with nascent 
nitrous aad Three daily injections of 20 cc each of the serum were 
given by vein, intramuscularly, or subcutaneously Twenty selected 
cases, sick on the average for about 8 weeks prior to serum therapy, 
responded well The average duration of disability was about 11 
weeks The inclusion of 4 cases which failed to improve, and of 2 in 
which the results were doubtful, would markedly increase the average 
duration of the disease from such therapy Mitchell, Humphreys and 
Walker (36) developed an equine antiserum with a titer of 1 to 320,000, 
which was used for the treatment of 28 cases of brucellosis, 6 of which 
failed to improve Most of the reports summarized above fail to give 
either the dosage of serum employed or the exact method of its ad- 
ministration, or both, hence this information cannot be given here 

D’Oelsnitz and Liotard (37) reported on autoserum therapy in 1924 
From 2 to 5 cc of serum, from a patient ill with undulant fever, were 
injected subcutaneously at the onset of a febrile period Recoveries 
w ere obtained in 2 of S cases Beattie and Rice (1) also described the 
successful treatment of 2 cases of brucellosis with an autogenous blood 
serum similarly prepared 

Our own experience has comaded with that of the above authors 
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We have observed the effects of only 2 types of serums, human con- 
valescent serum and antiabortus-mehtensis bovine serum Two cases 
were treated with intramuscular injections of 50 cc of human serum 
and 200 cc of whole human blood, respectively, obtained from an 
individual who had recovered from undulant fever and who still had a 
serum titer of 1 to 320 Both became asymptomatic m approximately 
2 weeks Two other patients were injected intravenously with 
bovine serum, 1 of which became afebrile several days later and ap- 
peared to be cured The second was not improved 

The reports on the use of antiserums are, m general, favorable, but 
the results are only temporary m most instances Spectacular cures 
have not occurred, while disappomtments were not infrequent The 
temporary benefits are encouragmg, and suggest that a concentrated 
serum might be more efficacious 

THERAPY WITH TOXIC PELTRATES 

Toxic filtrates, prepared from broth cultures of Br aboihis and Br 
inelitens'is, have been used less extensively than serum or vaccine ther- 
apy in the treatment of the disease Melitene and bruceUm were most 
frequently employed Burnet (38), in 1922, suggested the mtradermal 
use of a sterile bouiUon culture filtrate for the diagnosis of undulant 
fever This was prepared by filtering a 1-month old broth culture of 
Br mehiensis through a Chamberland L candle, and boiling it for 1 
minute to decrease its toxicity One-half of 1 per cent of phenol was 
added as a preservative This material was called melitene 

Several men have used melitene therapeutically, injections of which 
resulted in the temporary exacerbation of symptoms for 24 hours, 
later followed by improvement Debre, Marie and Giroud (39), m 
1927, recommended weekly intradermal inj’ections of 0 2 cc for thera- 
peutic purposes They noted that if a systemic reaction followed the 
injection, improvement occurred In error, one patient was injected 
intramuscularly, which brought about increased fever and general dis- 
comfort, followed, also, by amelioration of sjonptoms Lemierre, 
Marchal and Jaubert (40), in the same year, reported the successful 
treatment of one patient after 5 months of lUness She was mjected 
intradermally with 0 1 cc of melitene, and became afebnle m 4 days, 
after a marked local and generalized reaction She was observed for 
5 months, during which time there was no recurrence 
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Huddleson and Johnson (41), in 1933, described for the treatment 
of undulant fever a similar filtrate, called “brucellin,” which they 
prepared from caprine, porane, and bovine strains They recommend 
4 intramuscular injections, of from 1 to 5 cc , at 3-day intervals, after 
the patient has been tested mtradermally with from 0 05 to 0 1 cc for 
sensitivity to the filtrate The injections were followed by a 24- 
hour exacerbation of symptoms, followed by gradual defervescence 
during a week The treatment and results were described on 12 
patients, selected from a series of 80 One may doubt the diagnosis in 
some of these cases, for 18 failed to show bacteriological or serological 
evidence of the disease They state, “Not all cases of long standing, 
that IS, eight months or over, respond to treatment as readily as do 
those that are treated early ” 

Few investigators have used toxic filtrates, but it is evident that 
speafic effects are not obtamed Favorable results are evidently 
dependent upon “shock ” Possible harm from toxm should be con- 
sidered before use Our experience is limited to mtradermal tests 
with brucellin, which frequently produce severe local reactions 

CHEMICAL THERAPY 

Nineteen reports describe the use of chemicals for the treatment of 
75 cases of undulant fever Dyes, for the most part, have been 
employed, intravenously and by mouth, because of their supposed 
bactericidal effect Use has been made of arsenical preparations, es- 
pecially neosalvarsan and neoarsphenanune, which are believed to be 
toxic for members of the genus Brucella 

An mterestmg report on the treatment of 2 cases of undulant fever 
by the admimstration by mouth of capsules of methylene blue is that 
of Audibert and Rouslaaoix (42), published in 1911 Each patient 
received 0 05 gram twice daily for 2 and 3 days, respectively, beginning 
6 and 4 weeks after symptoms had developed The latter became 
nauseated from the treatment and was unable to retain the dye 
Hypodermic mjections of 0 1 gram, therefore, were admimstered 
The fever in each case gradually abated, and the patients were normal 
in 7 and 12 days after therapy was instituted 

Carpenter and Merriam (43), in 1926, used intravenous mjections 
of a 1 per cent solution of mercurochrome on 2 patients who had been 



116 


CHARLES M CARPENTER AND RUTH A BOAR 


ill with the disease in one case for 7 weeks and in the other for 4 In 
each instance the injection was followed shortly by chills and an 
elevation in the fever, which subsided to the pre-injection level within a 
day Both patients made complete recoveries after a month During 
the next 2 years, Gage and Gregory (44) Warren, Smith and Lindner 
(45), and Belyea (46), reported on 1 case each treated with mercuro- 
chrome injected intravenously Belyea’s case developed a marked 
systemic reaction, followed by dulls, vomiting, and diarrhea Each 
accredited recovery to the use of the dye 

Ross and Martin (47), m 1927, described their experiences with 
mercurochrome in 9 cases of brucellosis Of 3 who received no other 
therapy, 1 recovered and 2 failed to improve The remaiiung 6 cases 
received injections of heat-killed vaccme, prepared from strains of 
Br abortus SMdBr in addition to mercurochrome In some 

instances, the mvestigators injected 7 cc of a 2 5 per cent solution, 
which was frequently followed with a severe generalized reaction, al- 
bumenuria, and dysentery They summarized their opinion by 
stating that the value of mercurochrome in undulant fever was not 
proven Todd (48) subjected 2 patients to the same therapy and 
recorded them as cured after 24 hours, during which time there was a 
marked systemic response Simpson and Bowers (49), in 1929, re- 
ported favorable results m 16 of 23 cases In the followmg year 
Simpson (24) reported 6 failures from the intravenous use of mercuro- 
chrome 

Numerous reports on the intravenous use of acriflavine for the 
treatment of xmdulant fever have appeared Simpson and Bowers 
(49) in 1929, stated that it was of doubtful benefit in “a few cases,” 
while Simpson (24), one year later, reported no improvement in 5 
cases so treated Hofiman (50), m 1929, believed that the course of 
the disease in 2 cases was shortened by its intravenous use during the 
fourth week of lUness Three injections, varjdng from 0 1 to 0 4 gram, 
were given They were followed by severe systemic responses Gior- 
dano and Sensenich (51), in 1930, treated 2 cases intravenously with 
neutral acriflavine, wnth resultmg violent reactions One patient be- 
came afebrile m a few days, but experienced a recurrence of symptoms 
8 months later, while treatment was discontinued in the second case 
because of severe reactions to each injection Thurber (52), in the 
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same year, observed 5 of 7 cases injected mtravenously with acri- 
flavine to become asymptomatic within a month In 2 other cases, 
improvement was noted Beattie and Rice (1), m 1934, reported 6 
cases treated by the same chemical Five patients injected mtra- 
venously with either a 0 5 or a 1 0 per cent solution, became afebnle m 
from a week to a month The sixth patient received the dye by 
mouth and evidently recovered The average duration of illness in 
these 6 cases was 12 weeks 

Leavell, Poston and Amoss (S3), in 1930, reported the treatment with 
methyl violet, given by mouth and by rectal enemas, of 2 patients with 
chronic brucellosis of porcme origin, after both had failed to improve 
following intravenous mjections of mercurochrome These patients 
were given by mouth daily, for 77 days, from 25 to 100 milligrams of 
methyl violet in capsules, as well as 300 cc enemas of either a 1 to 
50,000 or a 1 to 100,000 aqueous solution of the same dye A third 
case, infected with a bovine strain, which had suffered a recurrence 
of symptoms about one year after serum and vacane therapy, was 
treated sunilarly with thiomn From 25 to 50 milligrams of the dye 
was given daily for IS days, as well as 300 cc enemas of a 1 to 50,000 or 
a 1 to 100,000 aqueous solution of the same chemical Previous to dye 
therapy, Br abortus was isolated from the patients’ stools, while sub- 
sequently, It was not cultivated The therapy in these cases was 
based on Huddleson’s demonstration that methyl violet exhibited a 
bacteriostatic action on porcme strains, while thiomn was effective 
against cultures of bovine origin Although this mode of treatment 
was instituted late in the disease, the authors ascnbed to it the im- 
provement that followed Another patient, ill for 4 weeks with 
undulant fever, was given by the authors 50 milligrams of methyl 
violet in capsules by mouth daily for 14 days Twee, at times 
separated by a 10 day interval, a 300 cc enema of a 1 to 5,000 solution 
of methyl violet was administered Br abortus was not isolated from 
the patient, making it impossible to deternune the type of the infec- 
tion The course of the disease, however, was unaltered by the medi- 
cation, and the patient was discharged, still febrile, to the care of 
her local physiaan 

A few cases have been treated wth other chemicals Simpson (24), 
in 1930, failed in the treatment of 2 cases wth injections of neo- 
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arsphenamine Neosalvarsan was administered, intravenously, to 1 
patient in our series, after receiving vaccine and serum treatment, as 
well as injections of mercury protiodide durmg 2 years’ illness, follow- 
ing which no noticeable improvement occurred Fortney (54) used 
an intravenous injection of a 1 to 1,000 metaphen solution on a 
patient ill for 10 days with brucellosis The temperature became 
normal 6 days after treatment Colloidal metals have been employed, 
especially in France, with supposedly dramatic results Souleyre (55), 
in 1921, described the use of 5 cc doses of coUargol intravenously, 
followed by an immediate marked febrile response, and then defer- 
vescence He also employed lantol, electrargol, and “coUobiase” of 
gold, the intravenous inj'ections of which usually resulted in “shock,” 
after which symptoms of undulant fever gradually disappeared 

Although bacteriostatic effects of dyes on Br abortus and Br 
viehtensts have been demonstrated tn vttro, this does not j'ustify their 
clinical use For one thmg it is usually impossible to inject suf- 
ficient amounts intravenously to obtain a concentration equal to that 
necessary to inj'ure the infectious agent tn vitro Furthermore, we 
have isolated Br abortus from guinea pigs injected with lethal doses 
of acriflavine and methyl violet (56) 

The average duration of illness in the reported cases was not 
shortened, and in several instances, detrimental effects were noted 
after such therapy In the cases which appeared to recover as a result 
of chenucal treatment, it wiU be noted that chills and fever, with an 
exacerbation of symptoms, occurred after the mjection Thisreaction, 
we believe was responsible for the improvement 

EOREIGN PROTEIN THERAPY 

Because of the failure of vaccines, serums, and chemicals to cure 
protracted cases of undulant fever, many non-specific foreign proteins, 
designed to produce “shock,” have been tried Vaccines prepared 
from cultures of B typhosus, B paratyphosus A,aii6.B paratyphosus B , 
as used routinely for prophylactic vaccination, have been most ex- 
tensively exploited intravenously, intramuscularl}^, and subcu- 
taneously Kristensen (20), in 1928, mentions the use of typhoid 
vaccines for the treatment of undulant fever, and although no data on 
the number of cases were submitted, he evidently beheved them to be 
of value 
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Budtz-Olsen (57), in 1930, reported on the treatment of 10 patients 
given intravenous typhoid vacane Four became afebrile after the 
first series of injections, while 2 recovered after a second series The 
treatment was of questionable value in 2 There was a recurrence of 
symptoms in 1, following a remission, after the first senes of injections, 
and a further case derived no benefit from the treatment Simpson 
(24), m the same year, described the use of T A B vaccine on 8 cases 
He stated, “As a general rule, those patients who expenenced the 
most marked general reaction had a most favorable response to 
vacane ” Stage (58), in 1933, observed more satisfactory results in 
a senes of 35 cases from the use of a typhoid vaccine than from Malta 
fever serum Miller (59), in the same year, observed 7 patients sub- 
jected to intravenous therapy with TAB vaccine Dramatic 
results occurred in 3 in which the first dose n as succeeded by a marked 
systemic reaction, and the other 4 made satisfactory recovenes after 
several injections of the vaccine 

In our own series, 2 cases have received TAB vacanes intra- 
venously One patient, beginning m the sixth week of illness, was 
given 5 intravenous injections at 2-day intervals, beginning with doses 
of 10 miUion and terminating with 50 million organisms Chills and 
fever occurred after each injection, following which the symptoms 
gradually disappeared and the patient was able to return to work in 
about 3 5 months The vacane occasioned no improvement in a 
second patient, ill for one year 

Injections of sterile milk were used by Ferro (60), m 1921, and by 
Au e and Palmer (61), in 1928 The former effected a cure in 5 weeks 
on 3 patients ill 2 months prior to therapy From 2 to 3 intramuscular 
injections of 5 and 10 cc amounts were used The latter investiga- 
tors initiated the treatment in the sixth, tenth, and third weeks of 
illness The temperatures of 2 of these patients became normal in 9 
and 5 days, respectively The third case was markedly improved 
Simpson (24), 2 years later, reported that the injection of sterile rmlk 
had no effect on 4 cases 

Specially prepared bacterial proteins from Br abortus and Br 
meliicnsts have been employed therapeutically by several men, who 
considered them to be more antigenic and less toxic than the intact 
organisms Cambfssedes and Garmer (62) used an abortus vacane, 
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which they called “microbic proteins,” prepared in a mortar by grind- 
ing cells that had been dried in vacuum, and resuspended in a physio- 
logical salt solution Schilling, Magee and Leitch (63) in 1931, ob- 
tained in 1 case a complete remission in 48 hours, after employing an 
“autogenous antigen” produced by alternately freezing and thawing a 
culture of Br abortus recovered from the patient Lemierre (64), in 
1934, favored the use of a “microbic endoprotein” of Br abortus origin, 
extracted according to the Besredka method Severe “shock” usually 
followed intramuscular or subcutaneous injections of from 0 3 to 1 5 
cc of the endoprotem, followed m a few days by remission 

Attention has been directed above to our behef that “shock” rather 
than specific effects was responsible for any amelioration of symptoms 
The results of non-specific protein therapy, recorded m this section, 
support this contention 

THERAPY WITH ARTIFICIALLY INDUCED FEVER 

Izar and Moretti (65), in 1935, reported the recovery of 6 of 9 
patients with undulant fever, after irradiation of the spleen and liver 
with short radio waves, from 4 to 8 meters in length The results in 
2 instances were doubtful, while a thud case did not improve The 
patients were subjected to from 60 to 25 “Sitzungen ” Temperature 
charts presented in the report indicate that the treatments in some in- 
stances mcreased the fever The wave lengths mentioned above were 
employed because Izar and Famulari (66) had previously reported 
lethal effects on cultures of Br abortus from exposure to such wave 
lengths 

Artificially induced fever has been employed by us in the treatment 
of 3 patients with chronic brucellosis One patient, moderately ill 
for two months, was subjected to a 3-hour fever of 39°C , produced by 
a high frequency oscillator, emitting waves 15 meters m length A 
5-hour fever of 41 5°C was induced in two other patients by irradia- 
tion vdth carbon filament lamps The second patient had suffered for 
about a year from a low grade fever and general malaise, while a third 
had been ill for 3 months with the disease, including arthritis An 
apparent cure was effected in the first 2 cases, while the third was 
improved for approximately a year, after which the specific arthritis 
reappeared. 
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Although the number of cases treated with artificially induced 
fever is small, the favorable results support furtlier the contention that 
a febrile reaction is an important factor in combating brucellosis 
This IS seen particularly in chronic cases, where the normal ability of 
the body to respond with an adequate fever to an infectious agent has 
become exhausted 


MIXED THERAPY 

Many cases of undulant fever have been subjected to several types 
of therapy The various combinations of chemicals, vacemes, and 
serums, in addition to symptomatic treatment, are too numerous to 
mention in detail 

It IS to be expected that the more prolonged the illness, the greater 
the variety of therapeutic methods employed When one type of 
treatment failed, another was instituted, to which the improvement or 
recovery was credited When two or more types of therapy were used, 
a series of vacane injections usually constituted one of them, which 
was either preceded or followed by some chemical In many instances 
acutely ill patients received serum therapy first, then a vacane was 
employed when the patient’s condition permitted it Several French 
investigators combined Brunet’s melitene and either chemicals or 
vaccines for the treatment of chronic brucellosis 

The multitude and variety of therapeutic methods, as noted above, 
are striking evidence of their ineffectiveness There is no evidlnce 
either that the combination of these agents accomplishes more than 
their use individually 

DISCUSSION 

A successful treatment for undulant fever is still a matter for the 
future, for as yet no therapeutic agent has been found which has been 
proved to alter, to a significant extent, the natural course of the disease 
A possible exception should be made to this statement in the instance 
of the protracted case, where vanous measures which induce a systemic 
reaction seem to bnng about a remission The literature on brucel- 
losis which IS concerned with modes of treatment is based on only a 
small percentage of the total number of cases which occurs annually 
Thus, it IS a surprise to learn that during the last quarter of a century 



122 


CHARLES M CARPENTER AND RUTH A. BOAR 


data are available on the treatment of fewer than 800 cases of brucel- 
losis, — a comparatively small number, when at the present time 1,500 
cases of the disease are diagnosed each year in the United States alone 
In general, unsuccessful results are unpublished, and the available pub- 
lished information deals with the use, almost always on a small number 
of cases, of new remedies or therapeutic methods Furthermore, 
specific measures are almost invariably instituted late m the disease 
and frequently when the course of the temperature shows clearly that 
convalescence has already begun It is true, also, that the treatment 
of chronic brucellosis has received much more attention than that of 
the acute disease 

One of the significant facts revealed by a review of the literature is 
the dose agreement which is found among the several authorities 
concerning the average duration of the disease Thus, the average 
reported by 9 investigators is 11 3 weeks Essentially this same 
penod of illness is found in treated cases, regardless of the type of 
therapy employed, a fact which substantiates the statement made at 
the beginmng of this discussion (See table II ) The shortest 
average course of the disease, te ,7 5 weeks, was secured by Coronia 
m 8 cases treated with a lysed vacciue It is significant, however, 
that he instituted treatment earlier than other investigators The 
average of 12 5 weeks of lUness for our own group of 26 cases treated 
s 3 miptomatically agrees closely with the period for 17 patients reported 
by Beattie and Rice (1), Awe and Palmer (61), and De la ChapeUe 
(67) In Angle’s (22) first communication on the therapeutic use of 
vacane, 9 of 10 cases had illnesses totalling 117 5 weeks, or an average 
of 13 weeks per patient Twelve cases treated by Huddleson (41) 
with brucelhn, totalled 181 weeks of lUness, making the average dura- 
tion for each about 15 weeks The 20 cases of Wherry, O’Neil and 
Foshay (35) that responded most favorably to serum suffered an 
average illness of 11 weeks Similarly, the 6 chemically treated 
patients of Beattie and Rice (1) were sick for 12 weeks on the average 
After reviewing the publications on vaccme therapy, it is evident 
that a specific effect from its use is questionable This conclusion is 
in accord with experimental work on animals, almost all of which has 
failed to demonstrate any curative value from injections of dead 
organisms Indeed, it is quite usual following vaccme administration 
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to recover Br abortus or Br nchlcnsis from naturally or artificially 
infected animals Furthermore, the characteristic pathology of 
undulant fever, which resembles tuberculosis so closely , is such that, 
Mith our present hnoivledge at least, little value would be expected 
from vaccine 

No investigator has controlled his results on cases treated with some 
particular agent by making a comparison with a similar untreated 
group, or a group treated symptomatically only Although the 
relatively low incidence of undulant fever makes such a controlled 

TABLE II 


A correlatton of tktrapcuUc methods used for undulant fner unth the average total duration 

of illness 


AUTJIOX 

YEAS. 

MDUBER 
or CASES 

AVERAGE 
DURATION 
or IIXNESS 

TREATMENT 

Hughes 

1897 

372 


Probably symptomatic 

British Navj 

1904 

■Him 

kQ 

Probably symptomatic 

Bassett Smith 

1921 

* 

191 

Various methods 

Angel 

1929 

9 

13 

Vaccine 

Hardy 


212 

12 

Vanous methods Mostly 

Huddicson 

1933 

12 

IS 

symptomatic 

Brucellin 

Beattie and Rice 

1934 

6 

12 

Acnflavme 

WTierry, O’Neil and Foshay 

1935 

20 

U 

Antiserum (capnne) 

Carpenter and Boak 

1935 

26 

12 5 

Symptomatic 

Average 



11 3 



* Number not known, but based on a large cxpencnce 


experiment difficult, the effort necessary to secure a series of alter- 
nately treated and untreated cases would be highly repaid 
Several students of brucellosis have emphasized the necessity of 
injecting vaccines in a way to produce “shock,” having observed their 
best results after systemic reactions It must be borne in mmd, 
however, that the induction of “shock” is not without danger to the 
patient Furthermore, we have observed several cases, treated with 
vaceme, which were made worse by its use One patient, after 
receiving large doses, deteriorated mentally and finally died with 
extensive liver mjury The development of retrograde mental 
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changes from the toxic effects of vaccine must be considered seriously, 
before such treatment is given to a depressed case 

It is worth while emphasizmg that the benefits of fever depend on 
more than the simple injurious effects of the high temperature on the 
invadmg organisms Corollary reactions, such as leucocytosis, 
accelerated phagocytosis, and increased antigen-antibody interaction 
occur Furthermore, many other factors, not understood at present, 
are undoubtedly involved 

Although the relief of symptoms following serum therapy has 
usually been reported to be a temporary benefit only, this method of 
treatment may be advocated for acutely ill patients Convalescent 
human serum is much less likely to produce an untoward reaction 
than are the various animal sera Blood transfusion, particularly 
from an immune mdividual, is valuable m children and in cases with 
anemia Recent reports on the successful use of hj^erimmune animal 
sera of high agglutinin content give the hope that the method of serum 
therapy may be more successfully exploited m the future 
The employment of toxic filtrates, particularly brucellin, has 
attracted attention recently A critical analysis of the reported cases, 
however, leads to a conservative view of their merit Their adminis- 
tration leads to a febrile response, and often to a general exacerbation 
of symptoms We believe that their favorable action is non-specific 
The same may be said for chemotherapy 
A plea should be made for the prompt recognition and early treat- 
ment of imdulaut fever On the other hand, failure to institute some 
special treatment early m the disease cannot be used as an excuse for 
its ineffectiveness Moreover, recovery, which is usually spontaneous 
during the third month, must not be taken as proof of the efficacy 
of some therapeutic agent given at this time 

SUMMARY 

A successful method for the treatment of brucellosis stiff awaits 
development, for as yet no therapeutic agent has been found which 
has been proved to alter, to a significant degree, the natural course of 
the disease A noteworthy agreement that the average duration of 
the disease is 3 months is revealed by a survey of many reports More 
striking stiff is the finding that this average period of illness prevails 
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in treated cases irrespective of the type of therapy employed All 
of the therapeutic measures discussed in this review evoke a systemic 
reaction We believe that it is this response, assoaated with in- 
creased fever and corollary phenomena, which is responsible for 
beneficial results rather than a specific reaction 

We wish to express our appreciation to Dr William S McCann 
for makmg available to us the cases of undulant fever treated on the 
medical service We wish to thank also Dr George Packer Berry for 
his interest in this review and for his help m its preparation 
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FOREWORD 

Asphyxia is one of the broadest and most important subjects m 
the entire range of the medical sciences 
Clinically asphyxia is the cause of death or serious damage m a 
wide variety of conditions rangmg from pneumonia to carbon mon- 
oxide poisomng and asphyxia of the newborn 
Physiologically asphyxia is a disturbance of tissue respiration, 
which is the fundamental process of life Knowledge gained through 
the study of asphyxia is thus a contribution to the basic problem of 
biology and medicine 

Pathologically asphyxia mduces changes of structure in the brain 
and other organs that are probably of broader mterest than those 
resulting from any other cause The asphyxial degenerations of the 
tissues are, so to speak, the pathological base line from which all 
other tissue changes should be estimated 
The dose relation of anesthesia and asphyxia is a subject of far 
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FOREWORD 

Asphyxia is one of the broadest and most important subjects m 
the entire range of the medical sciences 
Clmically asphyxia is the cause of death or serious damage m a 
■wide variety of conditions ranging from pneumonia to carbon mon- 
oxide poisoning and asphyxia of the newborn 
Physiologically asphyxia is a disturbance of tissue respiration, 
■which IS the fundamental process of life Knowledge gained through 
the study of asphyxia is thus a contribution to the basic problem of 
biology and medicine 

Pathologically asphyxia induces changes of structure in the brain 
and other organs that are probably of broader interest than those 
resultmg from any other cause The asphyxial degenerations of the 
tissues are, so to speak, the pathological base Ime from which all 
other tissue changes should be estimated 
The close relation of anesthesia and asphyxia is a subject of far 
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reaching importance both practical and theoretical This relation is 
nowhere so clearly shown as in nitrous oxide anesthesia, and in no 
previous work has the relation been so fully developed as in the 
accompanying monograph. It reveals that, aside from the well 
recognized and avoided hazard of the period of inhalation, nitrous 
oxide anesthesia involves a risk of such nervous and mental sequelae 
as those of prolonged carbon monoxide asphyxia 

To this risk surgeons and anesthetists must now give attention 
and no longer rest in the comforting conviction that nitrous oxide 
is the safest of all anesthetics. For short anesthesias it doubtless is 
For long anesthesias the hazard of asphyxial sequelae is one that 
must hereafter be counted as a heavy weight tending to swing the 
balance against nitrous oxide anesthesia 

INTRODUCTION 

The r61e played by asphyxia in the production of surgical anesthesia 
by anesthetic gases is as yet not entirely clear The reason for this 
is due largely to lack of information as to the concentrations of 
oxygen, carbon dioxide and the gas in the blood before and after it 
has passed through the human brain If our present conception is 
correct, unconsciousness is produced by the intrinsic narcotic action 
of the gas, reinforced to a variable extent by the accompanying anox- 
emia With ethylene gas, this asphyxial element must be negligible 
since the amount of oxygen administered with it approaches the con- 
centration in inspired air On the other hand, the effect of nitrous 
oxide IS predominantly an asphyxial one Its untoward effects, espe- 
cially the vanable motor manifestations, have long been recognized 
by anesthetists and attributed by them to its asphyxial action. The 
relationship of serious delayed symptoms due to asphyxia of the 
cortical nerve cells has not been so fully appreaated. Since the so- 
called “anesthetic deaths” take place with dramatic suddenness while 
the patient is still under the effects of the anesthetic, nitrous oxide 
is frequently absolved of blame as the responsible lethal agent in these 
cases ivith delayed exitus 

The writer’s mterest in the asphyxial effect of nitrous oxide anes- 
thesia was awakened when he was asked to see a comatose patient 
who presented generalized muscular twitchmgs and rigidity which 
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developed after a period of apnea while under this anesthetic A 
study of the brain was made after a survival period of five days 
The striking and characteristic changes in the nerve cells and the 
distribution of cortical necrosis suggested asphyvia as the cause of 
the sjanptoms In the past five years thirteen such instances have 
been studied In all of the nme cases terminating fatally autopsies 
were performed and a histologic study made of the tissues of the nerv- 
ous system The results of these clinical and pathologic studies form 
the basis of this report 

THE MODE OF ACTION OF NTTEOUS OXIDE 

Nitrous oxide is a colorless gas with a characteristic odor and 
taste It IS capable of producing anesthesia rapidly by mhalation 
Its non-explosiveness, the ease of induction of surgical anesthesia and 
the relative absence of residual discomfort have made it the anesthetic 
of choice in short operative procedures, particularly those of dentistry 
Judged alone on the basis of fatalities at the time of operation, nitrous 
oxide has been considered one of the safest, if not the safest of anes- 
thetic agents It has been estimated that deaths from its use are 
less than one in five million In the hght of this study, however. 
It will be necessary to investigate anew this matter of its relative 
mortality and morbidity A study mto its mode of action, however, 
IS first m order 

The essential problem of the physiologic action of mtrous oxide 
has been to determine to what extent its effects are due to its nar- 
cotic action on the one hand or to the accompanying anoxenua on the 
other * In so far as body tissues in general are concerned, it has been 
found that nitrous oxide acts like any other mdifferent gas which 
produces asphyxia by limiting the oxygen mtake Its effect on the 
brain, however, suggests that its action is not entirely asphyxial but 
IS due m part to a specific narcotic action, perhaps dependent on its 
molecular form Its action differs experimentally from other as- 

' tVhilc the word ‘'anoiemu" is not enUrely accurate, since the term literally means 
mtkmit oxygen in the blood, it has become so well understood m ite imphcaUons that it 
may he unwise to attempt to subsUtute any other designaUon for this condmon The 
term “hypoiemia" has been suggested in its stead (1) It is so obviously in error to 
say “cerebral aiwxemm” that in this connecUon Uie more accurate term “cerebral anojtia” 
has been used to describe the effect of anoxemia on the bram 
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phyxial gases in that the pulse is not so slow (inhibition center less 
capable of activity), convulsive movements are less marked (depres- 
sant action on motor nerve cells) and respiration ceases earlier (spe- 
cific depressant action on the respiratory center) This specific 
depressant action is demonstrated when the gas is used even in a 
dilute mixture with oxygen (1.4) when characteristic narcotic effects 
are produced On the other hand, when diluted with nitrogen or 
air, these effects are not apparent Kemp (2) has shown that anes- 
thesia produced by mtrous oxide immediately disappears when nitro- 
gen is substituted for nitrous oxide. Sollman (3) concludes that its 
central action consists of a primary stimulation of the psychic areas, 
which are later depressed to insensibility. 

It has long been suspected that the action of nitrous oxide was 
due in part at least to oxygen defiaency, based on earlier experiences 
when the gas was used without oxygen As early as 1899, m discuss- 
ing death under nitrous oxide anesthesia, Hewitt (4) considered 
obstructive stertor, convulsive movements and cyanosis to be of 
anoxemic origin and not essential to the anesthesia of nitrous oxide 
This opinion has some basis in the experimental work of Bert (5) 
and Martm (6) who believed that in spite of a depressant effect of the 
gas on the respiratory center, death was actually due to a lack of 
oxygen Wieland (7) ascribed its action to an interference with 
oxidation processes in the central nervous system As a result of 
their estimations of oxygen, carbon dioxide and nitrous oxide con- 
centrations in the blood of dogs under nitrous oxide anesthesia, 
Leake and Hertzmann (8) concluded that it was impossible to mam- 
tain surgical anesthesia without some degree of anoxemia This 
same conclusion was reached by Greene and his co-workers (9) who 
found a high concentration of mtrous oxide necessary for satisfactory 
surgical anesthesia m dogs This made it evident that some degree 
of anoxemia must always be present, and that the depth of the anes- 
thesia depended not so much upon the concentration of nitrous oxide 
m the gas breathed as upon variations m the percentage of oxygen 
As the result of their experimental work on animals, Brown, Lucas 
and Henderson (10) stated that “patients anesthetized with nitrous 
oxide will always suffer from a severe degree of anoxemia and that 
this must impose a limitation on its use and increase its danger ” 
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Macklin (11) arrived at the same condusion from his clinical obser- 
vations 

On the basis of the evidence at hand, it seems evident, therefore, 
that varying degrees of anoxemia do exist and are necessary in the 
production of anesthesia with nitrous oxide and that cellular asphyxia 
strongly reinforces any direct narcotic action of the gas As the 
higher concentrations of mtrous oxide are reached, there always 
exists the danger of irrecoverable damage to the brain Should even 
a transient respiratory and arculatory failure occur under anesthesia, 
asphyxia of the cortical nerve cells occurs after the utilization of the 
small amount of available oxygen 

THE TOXICOLOGY OF NITROUS OXIDE 

The undesirable manifestations of any anesthetic agent may be the 
result of Its immediate effect, its inherent toxic properties or tlie 
production of undesirable physiologic states which it creates or due 
to secondary complications which it favors With mtrous oxide, the 
toxic effects in so far as its narcotic action on the nerve centers is 
concerned, need be given little attention This is shown by the fact 
that animals die about the same length of time after inhalation of 
nitrous oxide as after inert gases, such as hydrogen (12) If reliance 
can be placed on the report of Miller (13), it is evident that delayed 
effects may be due to arculatory and pulmonary complications This 
observer found that such comphcations occurred more frequently 
after mtrous oxide than after ether anesthesia Although this may 
be due in part at least to the fact that this agent is used in instances 
where ether is frankly dangerous, the unusually high inadence of 
cerebral vascular lesions (7 1) nevertheless suggests that some pos- 
sible etiologic relationship does exist The third possibility m the 
production of untoward effects, viz, the creation of undesirable 
physiologic states to such a degree that temporary or permanent 
serious injury results is of primary interest in this connection 
It has already been shown that the administration of mtrous oxide 
IS accompanied by varying degrees of anoxemia and that the depth 
of the anesthesia is dependent more upon the reduction of oxygen 
than upon an increased concentration of mtrous oxide It is to this 
state of anoxemia, advanced to a degree mconsistent with safety, 
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that we must turn for an explanation of a group of undesirable, 
serious and often lethal effects 

Anoxemia and nitrous oxide anesthesia A number of classifications of 
anoxemia have been suggested based upon the etiologic factor producing it, 
the mechamsm of its production or the acuteness with which it is produced 
Barcroft (14) recognizes three forms of anoxemia, the anoxic, the anemic 
and stagnant types 

The anoxic type is the most senous one In this type the oxygen tension 
in the blood is lowered so that there is actually less oxygen m solution in the 
blood To still further accentuate the difficulty the carbon dioxide tension 
is also lowered which decreases the rate of dissociation of oxyhemoglobin 
Therefore, even the oxygen which is present m the blood is not readily 
available to the tissues Anoxic anoxemia may result from a reduction of 
oxygen m inspired air by (experimental) substitution of inert gases (nitro- 
gen), of a lowenng of oxygen content of the air (high altitudes, rebreather), 
of an obstruction of the respiratory passages, of deficient aeration of the 
lungs (emphysema, collapse of the lungs), of a deficient absorption of oxygen 
through the alveolar walls (pneumonia), or finally it may be due to an 
inability to carry a sufficient quantity of oxygen m the blood (methemo- 
globm, m carbon monoxide poisoning) 

In the anemic type the deficient amount of hemoglobin makes it impossi- 
ble to carry the normal amount of oxygen, although the oxygen tension is 
normal The amount of oxygen carried under such circumstances may still 
be suffiaent to carry on tissue oxidation at rest or under limited activity 

The stagnant type of anoxemia is the result of a slowed circulation as 
that resultmg from cardiac failure The oxygen content and oxygen 
tension is practically normal under these circumstances, but the oxygen 
actually supplied to the tissues is reduced incidental to a slowing of the blood 
current 

In general anesthesia the phenomena observed closely resemble those of 
simple anoxemia It is upon this resemblance that Verwom based his 
theory that anesthesia was indeed due to an interference with oxidation in 
the brain, with depression of cellular activity Cntical expenmentation, 
however, seemed to show that this analogy could not be followed out to a 
finality and other theones as to the production of anesthesia have been 
looked upon with more favor In recent years there has been some tendency 
to return to this theory to explain the production of anesthesia (Mackhn 
( 11 )) 

Whether or not asphyxia accounts for the anesthetic action of all general 
anesthetic agents, it has a pecuhar and fitting application in the mode of 
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action of nitrous onde In the administration of this gas, even when pure 
oxygen is given with it under pressure, tlie actual amount of available 
oxj gen IS reduced This results m a lowering of the oxygen tension in the 
blood and consequently reduces the amount available to the cerebral cells 
(anoxic anoxemia) The possibilities of mechanical difficulties in the 
apparatus and obstruction of the respiratory passages can further accen- 
tuate the degree of anoxemia already present 

The delayed effects of asphyxia, particularly the peculiar nervous and 
mental symptoms have long been recognized It is not surpnsing, therefore, 
to observe such manifestations after anoxemic states which accompany 
mtrous oxide anesthesia It is likely that the emphasis which has been 
placed on the immediate asphyxial effects observed with this anesthetic has 
largely obscured this second possibihty 

Anesthetists are cogmzant of the transient cyanosis, stertor or 
respiratory irregularities which not infrequently occur in the use of 
mtrous oxide These manifestations are usually indicative of mild 
states of anoxemia, observed particularly when there is any mechan- 
ical interference with free breathing We are more concerned in this 
connection with the more senous effects of nitrous oxide asphyxia, 
namely (1) sudden death, (2) transient and recoverable cerebral symp- 
toms, and (3) a group of residual and often characteristic manifesta- 
tions which may ultimately result fatally AVhile it is to this last 
group that attention is particularly directed, a brief discussion of the 
first two IS in order 

Sudden death under mtrous oxtde anesthesia It has become cus- 
tomary to charge all deaths on the operatmg table to the anesthetic 
agent, and those occurring after removal of the patient to his bed to 
some other cause Both assumptions are fallaaous In most in- 
stances of death on the operatmg table, the anesthetic is either merely 
the last straw or one of the dosmg inadents in the course of some 
progressively fatal lesion The difference between true anesthetic 
deaths and coincidental ones is illustrated in Miller’s report (IS) in 
which he refers to 11 cases with fatal outcome under nitrous oxide 
anesthesia, in only 2 of which death could be attributed to the gas 
This IS also emphasized in Kaye’s reports (16) of instances of death 
under nitrous oxide, in all of which some other lesion evidently re- 
sponsible for the fatal issue was demonstrated at autopsy 
An interestmg aspect of this phase of the problem was presented 
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by Haveman (17) and Ramsey (18) m their reports on a large series 
of cases from Crotti’s Clmic D eath durmg th 3 nroidectomy or ligature 
of thyroid arteries or shortly thereafter was found to be due to acute 
cardiac dilatation or to acute th 3 T:otoxicosis 

Those cases in which some serious terminal state existed, often 
the one for which the operation was being performed constituted, 
therefore, the majonty of "anesthetic deaths ” To further illustrate 
this point, table I is appended It refers to a list of cases in which 
death occurred on the operating table under nitrous oxide anesthesia 
during a period of 7 years at the Los Angeles County General Hos- 
pital The findings at the Coroner’s autopsy are appended 

There is a second group of cases of sudden death under nitrous 
oxide anesthesia in which no apparent cause of death can be foimd 
If available hterature can be taken for a dependable criterion, they 
have become very rare in recent years Reports were more frequent 
in the closing quarter of the last century Death was attributed in 
such instance to a persistent thymus (Owen (19) and Davis (20)), 
to an individual idiosyncracy to nitrous oxide (Adams (21)), or to 
pressure during the operation on the carotid sinus (Downs (22)) 
In view of the antemortem manifestations and the presence of vas- 
cular engorgement at autopsy, asphyxia may have been given this 
possibility as a possible cause of sudden death under nitrous oxide 

There is still a third group of cases of sudden death during mtrous 
oxide anesthesia They are of rare occurrence and the explanation 
usually given is open to question A few instances have been re- 
ported with some lesion affectmg the respiratory passages The 
case reported by Dent (23) had a submental abscess m which death 
was alleged to have been due to pressure of the abscess on the glottis 
Respiratory failure in this case might have been due to pressure on 
the carotid sinus as Downs (22) has suggested Cases with pul- 
monary lesions, such as tuberculosis, empyema or embolism of the 
pulmonary artery ought also to be included in this group, but these 
lesions and not the anesthetic may well be the cause of death. Atten- 
tion will be drawn to the influence of pulmonary lesions m cerebral 
anoxia in a later section 

Recoverable neurologic sytnptoins a7td signs with nitrous oxide anes- 
thesia Well defined neurologic manifestations, often localizing in 
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nature and transient in character, have been described as occurring 
during or after nitrous oxide anesthesia These symptoms were even 
more common when an impure gas was inhaled for its exhilarating 
effects The crude nitrous oxide gas, made by heating ammomum 
mtrate, at times gave rise to forable and uncontrollable muscular 
movements Stanley (24) descnbed such an experience m 1842, the 
first reference to the subject the writer has been able to find 

In other instances the motor symptoms were more likely due to a 
coincident vascular lesion or to anoxemia itself than an impure gas 
For example, Ashford (25) reported a case of hemiplegia following the 
use of nitrous oxide anesthesia for extraction of teeth Warner (26) 
described Jacksonian convulsions of the right extremities during gas 
anesthesia Healy (27) reported convulsive seizures continumg for 
some days after admimstration of nitrous oxide for submental abscess 
He also referred to other instances of minor or major convulsive 
seizures which he beheved to be due to want of oxygen In Green’s 
case (28), wide-spread sensory and motor manifestations associated 
with aphasia were observed 

Evans (29) descnbed several instances of convulsions occurrmg 
after nitrous oxide anesthesia In one of his cases (Case 14), a 21 
year old male remained comatose after an operation for reduction of 
a fracture The pupils were dilated, the pulse rapid and respirations 
irregular Convulsive movements were noted m the arms He re- 
gained consciousness after administration of oxygen. The condition 
was attnbuted to suboxygenation, although its relation to the anoxic 
action of nitrous oxide was not considered 

Restnction of oxygen supply under mtrous oxide-oxygen anesthesia 
was also considered to be the cause of convulsions by Clement (30), 
who described three such instances His first case, a 27 year old 
male, was operated upon for acute appendicitis under nitrous oxide 
and later ethylene anesthesia On removal of the mask, the respira- 
tions became irregular and convulsions developed He regained con- 
sciousness after an hour In the second case, a seven year old child 
had several deaduous teeth removed under mtrous oxide-oxygen 
anesthesia The child failed to regam consciousness and m a few min- 
utes generalized convulsions made their appearance and continued for 
half an hour The child recovered fully In his third case, a four 
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year old child had several teeth removed under nitrous oxide anes- 
thesia Convulsions developed while under the anesthetic, but were 
controlled by the administration oi oxygen After removal of the 
anesthetic, the child failed to regain consciousness even after oxygen 
was given Convulsions again occurred and persisted for half an 
hour The child, mentally cloudy the remainder of the day, fully 
recovered the following day The convulsive states m these cases 
were beheved to be due to anoxemia The author states that children 
were more susceptible to oxygen shortage than were adults 

Hewitt (31) has called attention to the pecuhar tendency of alco- 
holics to have muscular spasms under nitrous oxide anesthesia, par- 
ticularly if oxygen is not used Rood and Webber (32) concurred 
in this and stated that it was also true of heavily built individuals 
They beheved that the occurrence of motor mamfestations was evi- 
dence of the onset of asphyxia 

Buxton (33) noted the occurrence of ankle clonus in about one-third 
of the patients who were under mtrous oxide anesthesia for extraction 
of teeth He also observed opisthotonos, emprosthotonos and rhyth- 
mic jactitations but did not beheve them to be due to asphyxia 
Horsley (34) found that under deep nitrous oxide anesthesia the su- 
perfiaal reflexes were usually abolished, while the deep reflexes (knee 
jerks) continued to be present 

It IS evident from a study of this group of reported cases that 
minor cerebral symptoms, often locahzed in character may occur 
dunng the course of or shortly after nitrous oxide anesthesia The 
sigmficance of these localized manifestations will become more ap- 
parent in later sections 

Serious residual cerebral mamfestations There remains a small 
group of cases whose more serious cerebral manifestations are also 
due to the anoxenuc effects of mtrous oxide This type of case has 
been given but httle attention m the literature, although no doubt 
many such cases have been observed, the dmical symptoms bemg 
attributed to other causes Since no gross lesion of the brain is found 
at autopsy, the presence of a comcident or assoaated pulmonary 
lesion IS apt to be emphasized as the cause of the patient’s death 

This group of cases is characterized by the occurrence of a survival 
penod of variable length m the fatal cases and by more or less per- 
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manent cerebral manifestations in those who survive The first re- 
corded cases that could be discovered were those of Caine (35), who 
reported three which seemed to answer the essential reqmrements 
The first, a 39 year old female, was operated upon for gallbladder 
disease under nitrous oxide anesthesia. Respiratory failure occurred 
on the operating table In spite of energetic artificial respiration, the 
patient remained in coma until the time of her death, about seven- 
teen hours after induction of anesthesia The second case, a 58 year 
old female, was operated upon for cholecystitis A momentary 
respiratory and cardiac failure was treated by massage of the heart 
through the diaphragm The patient was mentally hazy for four to 
six hours after the anesthetic She complained of inability to use the 
left arm, but on examination the grip was found to be fairly strong 
(apraxia) Some residual visual impairment remained A chmcal 
diagnosis of edema of the brain was made by a consulting neurologist 
The patient lost mterest in her associates and surroundings and death 
occurred two months after a progressively downward course. 

In the third case, a negro woman 37 years old was being operated 
upon for uterme fibroids when voluntary respiration suddenly ceased 
Artificial respiration was administered for a period of five minutes 
before spontaneous breathmg was restored At the time of recovery, 
3 hours later, she was found to be completely paralyzed and totally 
bhnd She was unable to talk for 3 years and completely bhnd for 
6 years. After 10 years she was able to distinguish visually only 
large objects, her speech was intelligible only to her immediate asso- 
aates, and mvoluntary movements of the upper extremities were 
noted The fourth patient observed by this author died on the 
operating table after all measures to combat the respiratory and 
cardiac failure had failed 

The author’s conclusions in these cases are particularly interesting 
He stated (1) that if the heart stops under mtrous oxide anesthesia 
with an insufficiency of oxygen, the chances for recovery are not good, 

(2) that restoration of cardiac and respiratory action does not neces- 
sarily indicate recovery of cerebral damage which may have occurred, 

(3) that residual s 5 Tnptoms may occur even after consciousness has 
been restored, and finally, (4) that the human bram is not as capable 
as that of the dog of withstanding a suspension of circulation for any 
great interval and returning to normal 
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In Glynn’s case (36) death occurred in a 17 year old male about 37 
hours after nitrous oxide anesthesia for extraction of teeth Respira- 
tory failure during the anesthetic was combated successfully by re- 
sortmg to artificial respiration The patient remained drowsy and 
shortly after being put to bed developed generahzed convulsions, 
which recurred every 15 minutes Lumbar puncture revealed a clear, 
colorless cerebrospinal fluid under shghtly increased pressure The 
temperature became elevated before death At autopsy the brain 
was congested and contained a few punctate hemorrhages Aside 
from diminution of the tigroid substance in the nerve cell, no micro- 
scopic alterations were discovered Death was attributed to the 
early pneumonic changes found m the bases of the lungs 

In a study already referred to, Evans (29) observed convulsive 
seizures after nitrous oxide anesthesia in a number of patients In 
one instance (Case 4) the patient died in convulsions 14 hours after 
hysterectomy No examination was made of the tissues of the nerv- 
ous system 

A case reported by Yaskin (37) as non-suppurative encephalitis 
also seems to belong to this group A patient, 23 years old, was 
delivered of a normal child under nitrous oxide anesthesia She re- 
mamed comatose for some days, presentmg emotional outbursts at 
intervals On one occasion she had an elevation of temperature and 
profuse perspiration Dysarthria, dysphagia, limitation of extra- 
ocular movements and weakness of the lower left faaal muscles were 
observed Choreiform movements were present There was, for a 
time, definite impairment of vision The condition was thought to 
be due to anoxemia by Dr William Spiller The author considered 
mtrous oxide as a possible cause of the cerebral symptoms The 
patient recovered after many months, and he believed the lesion to 
be predominantly in the white matter 

That pecuhar mental states may also occur consequent to nitrous 
oxide anesthesia is evident from reports such as that of Savage (38) 
His patient became insane after administration of this anesthetic 
Hewitt (31), one of the pioneers m the development of the use of 
nitrous oxide-oxygen anesthesia, summarizes the possibihties in his 
statement that 

“Hysterical outbursts or transient states of hallucinations and struggling 
are sometimes met ivith Protracted stupor, cataleptic states, hemiplegia 



TABLE II 

ReporUd cases of anoxetitta after nitrous oxide with fatal termination or serious cerebral symptoms 
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and even insanity have one and all followed the administration, but such 
sequelae are rare ” 

It IS to this last group of cases that this study will give particular 
attention From a study of the following group of cases, charac- 
terized by the occurrence of residual neurologic manifestations after 
respiratory and cardiac failure under the anesthetic, it has been pos- 
sible to establish a fairly well defined dmical syndrome which proves 
to be the result of characteristic cortical lesions of asphyxial origm ' 

CASE REPORTS 

Case 1 Exploration for interlobar pulmonary abscess under nitrous 
oxide-oxygen anesthesia Period of irrationality, lethargy and aphasia with 
signs pointing to lesion of left frontal lobe Recovery Re-exploration two 
years later under nitrous oxide-oxygen anesthesia with marked cyanosis 
Generalized convulsions, conltiittous stupor and death Survival period 40 hours 
Autopsy 

A white man, 46 years old, was admitted to the Service of Thoracic 
Surgery of Br Hans Schiffbauer at the Los Angeles County Hospital, on 
April 16, 1932, with a history of chrome cough, fatigue, pain in the right 
lower chest and loss of weight following an attack of pneumoma in 1928 
A roentgenogram repealed a thin-walled cavity m the lower nght lung in 
the vicinity of the mterlobar fissure Repeated examinations of sputum 
disclosed no acid fast bacilb Wassermann and Kahn tests on the blood 
were negative Aside from a slight secondary anenua, the hemogram was 
normal 

The first stage of an intrapleural exploration was performed without 
unusual incident on May 11, 1932 by Dr Schiffbauer under nitrous oxide- 
oxygen anesthesia The second stage of the operation was performed by 
the same surgeon on May 25, 1932, agam under nitrous oxide-oxygen 
anesthesia The patient was cyanotic most of the time dunng anesthesia 
There were, however, no cardiac or respiratory irregularities The patient 
remamed irrational and lethargic for a number of days after the operation. 

It should be borne m mind that the presence of a latent penod is by no means 
in icative of cerebral anoxia, even when respiratory difficulties are noted under anes 
tsia A personally observed patient developed convulsions after fading to regain 
consciousness after anesthesia, dunng which a temporary respiratory failure occurred 
utopsy revealed a cerebral embolism A case of cerebral hemorrhage after nitrous 
oxide anesthesia was reported by Wood (Bnt Med J , 2 385, 1890) These expenences 
seem to agree with Miller’s findings as to the relauvely high incidence of cerebral vas- 
cular accidents under nitrous oxide anesthesia 
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and it was reported that he had muscular twitchings dunng this interval 
He was examined a week after the operation by Dr. Delbert H Werden of 
the Neurological staff, who found an increase in the deep reflexes, slightly 
more on the nght, a bilateral ankle clonus and a right Babinski Multiple 
metastatic abscesses were believed to be present; a major focus being 
suspected in the left frontal lobe A few days later it was noticed that the 
patient used only one or two phrases which he repeated over and over agam. 
He gradually recovered all of his mental faculties and it was assumed that he 
had had a toxic psychosis 

The wound in the thoracic wall was re-explored on August 2, 1933 under 
mtrous oxide-oxygen anesthesia without untoward manifestations 

On June 6, 1934 the wound was re-opened once more because the patient 
did not seem to be improving as he should. Nitrous oxide-oxygen anes- 
thesia was again used The patient was cyanotic throughout the penod 
of the operation (45 imnutes), but no failure of respiration or cardiac action 
occurred About an hour after the operation, generalized convulsions made 
their appearance and grew progressively more frequent and severe until 
late in the evening, when they were practically continuous They were 
controlled with sodium amytal (sodium isoamylethyl barbiturate) The 
patient remamed m a state of deep coma 

He was examined the following day by the writer, who found him in deep 
coma from which he could not be aroused The extremities were com- 
pletely flaccid Respiration was stertorous, the pulse rate was 160 per 
minute, and the rectal temperature was 104 4°. A bloody froth exuded 
from the nostnls The head and eyes were deviated toward the left 
The pupils were unequal, the left being larger than the right (adhesion of 
the iris to the cornea on the left) With the history of cyanosis under 
nitrous oxide followed by convulsions, a diagnosis of cerebral anoxia was 
made, although it was thought that the clinical picture was not entirely 
typical The patient grew progressively worse with a steady rise in tem- 
perature (fig 1), and died 40 hours after the operation 

An autopsy was performed by Dr Hugh Edmondson, who brought the 
brain to the Caj'al Laboratory for further study A chronic abscess was 
found in the upper portion of the lower lobe of the nght lung with several 
bronchial fistulae opening into it There was an assoaated pulmonary 
edema and bronchopneumonia There were no cardiac abnormalities or 
valvular lesions The hver was enlarged (1580 grams) and on cut section, 
the center of the lobules had a yellow color The kidneys were grossly 
normal The brain weighed 1480 grams There was marked congestion of 
the fine pial vessels A few small subarachnoid hemorrhages were found 
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over the dorsolateral surfices o£ the cerebral heimspbetes The lepto- 
memnges %\ere thickened, parUcularly about the base The convolutions 
nere moderatel} flitlened There nere no gross cortical abnormalities 



Fig 1 Curves op TEitPERvruRE, PuLst \nd Respirations in Case 1 
Termmal drop in pulse and respirations suggest exhaustion ol the centers 

On cut section a number of small areas of cortical softening were founds 
marked tvith petechial hemorrhages Blocks of tissue were taken from the 
right and left precentral gvn, the right parietal lobe, the left visual cortev, 
the right and left lenticular nuclei, the upper medulla and cerebellar cortex 
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Sections were stained or impregnated by the following methods Hema- 
toxylin and eosm, cyanm method for tigroid material, Penfield’s combined 
method, and the neurofibrillar methods of Cajal and Bielschowsky 

Htstopaihology The arachnoid and the pia mater were thicker than 
usual and patches of local cellular proliferations were observed 

Typical zones of necrosis were observed m the sections from the mid- 
frontal, precentral and the parietal regions, most advanced and extensive 



1 iG 2 Normal Cortex Snowx for Comparison with Later Figures Which 
Will Demonstrate Cortical Necrosis Reduced Sil\'er 
Preparation (Cajal) X22 


m the frontal cortex The deeper cortical la^^ers were most profoundly 
affected, although the superficial and intermediate zones were also irregu- 
larly involved (fig 3) The occipital lobes, the basal ganglia (particularly 
the lenticular nucleus) and the brain stem were free from any architectural 
or cellular alterations 

The neiwe cells m the midfrontal cortex were severely damaged, almost 
uniA ersally so They presented an irregular and ragged outline and most 
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Fic 3 Case I Sukviv it Period 40 Hours 
A nght superior frontal convolution B, left upper precentral convolution In these 
sections the cortex wis cut on the oblique C, relatively unaltered nght panetal cortex 
D, cortex along left calcanne fissure (visual area) Reduced silver preparation X22 
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of them appeared to be considerably shrunken Their cytoplasm was 
stained a bright pink with eosin They proved to be entirely devoid of 
tigroid material In many of the cells a deposit of lipoidal pigment could 
be distinguished Under higher magnifications these cells appeared 
coarsely granular The neurofibrillar structure was universally fragmented 
and granular In sections from the precentral gyrus and the parietal lobe, 
these changes were less marked and presented the characteristics of the 
so-called “sclerotic change ” The pericellular spaces were enlarged and 
rounded In the severely damaged areas the cortical nerve fibers were 
fragmented Small endbulbs and varicosities were fairly numerous 

The microglia showed definite swelling of their cytoplasm either affectmg 
all expansions symmetrically, or one or two polar ones predominantly 
The ohgodendrogha were acutely swollen m both the gray and white 
matter The classic neuroglia showed no evidence of proliferation In the 
necrotic areas the astrocytes were undergoing regressive changes 

The blood vessels were generally engorged, but there was no evidence 
of endothelial proliferation The cells of Purkmje were but slightly altered 
and that not uniformly The affected cells showed a minor loss of tigroid 
material, chiefly m the region of the apex of the cell Herudiform degener- 
ation (Cajal) was demonstrated in the reduced silver preparations 

Comment A number of very interesting features in the history 
of this patient should be stressed He had been subjected to a num- 
ber of thoracic operations under nitrous oxide-oxygen anesthesia 
After the second anesthetic there was definite evidence of widespread 
cerebral involvement, the sjTOptoms persisting for several weeks 
Two years later the patient died 40 hours after nitrous oxide anes- 
thesia In the meantime, however, the same anesthetic was adminis- 
tered without untoward sjmiptoms This would seem to indicate 
that idiosyncracy to the anesthetic agent plaj'^ed no part in the pro- 
duction of symptoms It would be of interest to know the role 
played by deficient oxygenation of the blood incident to the extensive 
pulmonary lesion 

The first episode of cerebral manifestations, occurring two years 
before the patient’s death, was evidently due to a transient anoxemic 
state from which the patient full)’- recovered The localizing signs 
pointed particularly to the left frontal lobe and an abscess was sus- 
pected in this situation A careful search was made in sections of the 
left frontal lobe for evidences of an old lesion No changes were 
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found grossly oi mictoscopicaUj which might so be interpreted The 
absence of both gross cortical atrophy and advanced meningeal 
thickening m this region and the complete recovery of the patient 
would further indicate that the original ano\ic changes were qualita- 
tive and recoverable Since the frontal cortex was found to be most 
severely affected after the last exposure to nitrous oxide, it may be 
assumed that either the same regions tend to be affected in repeated 
episodes or that the first attack paves the way for damage done by 
the second 

Neurologic examination after the last anesthetic and shortly before 
death disclosed signs which suggested cerebral involvement of anoxic 
origin although they were not absolutel) characteristic At autopsy 
a number of small areas of softening were found which might have 
been due to small emboli The brain of Case 6 showed similar areas 
of softening, although they were not described m detail by the path- 
ologist performing the autops> In the cortical areas well distant 
from these focal lesions and in the corpus striatum the characteristic 
microscopic lesions of cerebral anoxia were found This condition 
was probably responsible for the patient’s death, although the pul- 
monarv lesion may also have been a contributing factor 

Cose 2 iVihoiiS oxtde-oxigen anesthesia for delivery and perineal repair 
Respirators failure under anesthetic Generalized convulsions, muscular 
lU’ilchings and deepening coma Death after 43 hours Autopsy 

A Mexican primipara, 21 years old, was admitted at term to the Obstet- 
rical Sen ice of Dr Edmund hazard at the Los Angeles County Hospital on 
April 3, 1934 There had been some swelling of the ankles for a period of 
five months 

She was given pre anesthetic medication of scopolamine gr and 
sodium araytal (sodium isoamylethvl barbiturate) gr subcutaneously 
Nitrous oxide oxj gen (90 10) was administered for a period of 4 minutes for 
an episiotomj At the end of this period of anesthesia she was shghtlv 
cyanotic, but promptly recovered She was given a few inhalations of the 
gas with each labor pain until deUvetv After dchverv of the placenta, 
nitrous ovide was again administered in order to repair the episiotomy 
wound Because the patient vvas not completely anesthetized, ether was 
added (nitrous ovide 85 per cent, owgen 15 per cent, ether J) The 
percentage of nitrous oxide vvas later decreased (nitrous oxade 75 per cent, 
oxygen 25 per cent, ether i) after anesthesia was established 
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After half an hour of anesthesia the patient suddenly ceased to breathe 
The heart rate at the moment was found to be regular and strong at 104 per 
minute A carbon dioxide-oxygen mixture (10 90) was promptly ad- 
ministered together with artificial respiration After a moment the patient 
took a deep breath followed by another period of apnea lasting about a 
minute These alternations occurred for a period of six minutes, when 
spontaneous deep regular respirations were resumed The blood pressure 
at this time was 122/90 The anesthetist stated that at no time during this 
interval was the patient cyanotic Shortly thereafter generalized convul- 
sions made their appearence and persisted with more or less intensity for 
several hours until finally controlled with sedatives 

The respiratory movements continued to be deep and labored Muscular 
twitchings continued after the major convulsions had ceased The muscles 
were universally spastic, and pathologic reflexes were found to be present 
Lumbar puncture revealed a clear, colorless fluid under decreased pres- 
sure Albuminuria, not present before delivery, was now found to be 
present Chemical examinations of the blood disclosed a non-protein 
nitrogen of 20 and 30 mgm per 100 cc on two consecutive occasions, and 
glucose 172 mgm per 100 cc The carbon dioxide combining power was 
40 1 volumes per cent the day following anesthesia and 39 8 volumes per 
cent the day of her death 

Neurologic examination revealed a conjugate deviation of the head and 
eyes to the left The pupils were unequal, the right slightly larger than the 
left The deep reflexes became very much depressed and pathologic reflexes 
could not be elicited The generalized muscular spasticity and atypical 
Magnus-de Kleijn phenomena also disappeared The temperature rose to 
107° (fig 4), and the patient died 43 hours after induction of anesthesia 
An autopsy was performed 15 hours postmortem by Dr Cyril Francis 
Bronchopneumonia was present m the lower lobes of both lungs The 
cortex of both kidneys appeared thinner than usual A hemorrhagic cystitis 
was also present The uterus presented typical postpartum findings 

The superficial x’^essels of tlie brain were markedly engorged throughout 
The convolutions were not flattened The superficial layer of the cortex 
was yellowish m color and was universally softened in spite of excellent 
fixation of the remaining portions of the brain In cross section the blood 
vessels of the white substance were found to be prominent There were no 
gross alterations m the centrum or basal ganglia 

Blocks of tissue were taken from the cortex and subcortical white matter 
of the midfrontal and precentral gyri, the visual cortex, hippocampus, and 
lenticular nucleus of the left cerebral hemisphere Blocks were also taken 
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through the medulla it the level of the inferior olivary nucleus and from the 
cerebellar cortex They were stained or impregnated with senes of methods 
utilized m cases previously studied 



Fig 4 Curw:s of Tempeigmure, Poise and RnspirATioxs in Case 2 

Ilntopathology The arachnoid proved to be somewhat thicher than 
average, the increase being due to an apparent swelling of this membrane 
and not to cellular proliferation About blood vessels in the pia mater, 
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however, local cellular proliferation was observed These blood vessels 
were definitely engorged 



Fig 5 Case 2 Surm\wl Period 43 Hours Showing Zonal Necrosis of the 
Dfeper Lavers and Patckv Necrosis of the Superficial Lavers of Cortex 
Dilatation of the penvascular spaces of cortex and edema of the subcortical white 
matter of the g>Tus is also show n Left aasual area Reduced silver preparations Re- 
duced from X22 


The superficial lav ers of the cerebral cortex w’ere necrotic The deeper 
lav ers of the cortev, adjacent to the white matter were found to be senously 
injured universally (fig 5) The degeneration occurred as a single or 
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double zone of necrosis When traced along the cortex, the two necrotic 
zones were found to fuse into a broad zone at the apex of the gyrus The 
zone of smaller pyramidal cells was affected in an irregular fashion Some 
regions w ere extensively necrosed, while others escaped The zone betxxeen 
this and the superficial zone seemed to be the least affected As found in 
the prexnouslj studied cases, the degree of degeneration varied somewhat 
in the various regions studied, although serious damage was more universal 

The cytoplasm of some of the pyramidal cells stained a bnlliant pink 
color with eosin Structural changes m the nucleus were commonly ob- 
served Specific methods disclosed an absence of tigroid material A 
universal disintegration of the neurofibrillar apparatus was observed in 
reduced silver preparations, an atypical herudiform tjpe of degeneration 
predominating The cortical nerve fibers revealed vancosities m their 
course and were usually fragmented 

Preparations impregnated by the combined method revealed early 
swelling of the microglia, especially in the necrosed regions The oligoden- 
droglia of the white matter were acutely swollen and early evidences of 
direct cell divisions were observed 

In the lenticular nucleus a diffuse early softening of the gray matter was 
observed Some areas show ed early necrosis The nerve cells showed the 
same types of change with specific methods as did those of the cerebral 
cortex The small blood vessels frequently disclosed small calcareous 
particles in their walls, either as a single rounded mass or as multiple 
globules 

The cortex of the cerebellum was somewhat softened and fragmented 
The cells of Purkinje were the most seriously damaged elements Three 
tyqies of change were observed (a) sclerotic change characterized by a 
shrinking of the cell and a dark homogeneous coloration of the cy toplasm, 
(b) ghost forms with general disintegration of the cell and (c) a less seriously 
damaged cell having a loss of roost of the tigroid matenal Herudiform 
degeneration, fine and coarse granulation and fragmentation of the neuro- 
fibrils w ere also present 

Comment An examination of the patient disclosed evndences of a 
tyTpical state of cerebral anoxia With previous experiences in mind, 
the nitrous oxide was tested for impurities None were found to be 
present Since the same machine was used m two cases with similar 
clinical findings (sec Case 12), attention was next directed to it as the 
possible source of trouble It was found that the valve controlling 
the percentage of oxygen and nitrous oxide permitted a most irregu- 
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lar admixture of these gases to flow into the bag For example, when 
the indicator was set at 85% nitrous oxide and 15% oxygen, prac- 
tically pure nitrous oxide was being delivered The changing vari- 
ability possibly accounted for the absence of an abrupt respiro cardiac 
failure The tendency to over-dosage of nitrous oxide throughout 
the period of anesthesia ultimately resulted in convulsions which 
signaled the cortical insult 

In this instance, we have an example of the last of the possibilities 
in the production of cerebral anoxia as a result of nitrous oxide anes- 
thesia, — an imperfect mechanism for administration of the gases A 
mechanicall}^ imperfect machine or one which has become so as a re- 
sult of worn valves may be responsible Where this possibility exists, 
checks on machmes should be made at intervals to ascertain the 
percentage of each gas which is delivered at the indicated levels 

Case 3 Convulsive seizures and coma following administration of nitrous 
oxide anesthesia for exti action of teeth Death after two and a half days 
Autopsy 

A married man 42 years old, a painter, having generalized convulsions 
was admitted to the Cedars of Lebanon Hospital the afternoon of July 12, 
1932 He had had eighteen teeth removed shortly before under nitrous 
o\ide-o\ 3 ^gen anesthesia, which had lasted for half an hour He failed to 
regain consciousness at the close of the anesthetic and shortly after devel- 
oped generalized convulsions He was attended by Dr J S Snedaker, Jr 

On admission, the patient was found to be deeply comatose, respirations 
being of a stertorous character Generalized convulsions occurred at 
inter\als The pupils were dilated, equal m size and reacted to light 
Some divergence of the ej es was observed at times The deep reflexes were 
universally spastic, slightlj more marked on the left side A bilateral 
Babinski v as present 

The patient remained in a state of deep coma and repeated generalized 
convulsions v ere reported The pulse rate was rapid and at times thready 
and weak Respiration was of the Cheyne-Stokes type for a short period 
The temperature fluctuated between 98 and 105 degrees (fig 6) The blood 
pressure was normal and did not varj-^ during the course of his illness The 
coma seemed less deep on the second da}”^, but convulsive seizures continued 
unabated Examination by Dr Carl W Rand, who was called in consulta- 
tion, revealed a typical decerebrate rigidity wnth extensor convulsions 

The blood glucose w as found to be 146 mgm and the non-protein nitrogen 
44 mgm per 100 cc or blood The white blood count w'as 19,500 per 
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cubic millimeter, 95 per cent of which were polynuclear cells Repeated 
examinations of the urine showed increasing amounts of albumin The 
spinal fluid was clear and was under no increase m pressure, a trace of 
globulin was present 



lie 6 CuRVLb Of Tfmplkature, Pulse xntj R^spIRATIo^s in Cvse 3 pROCRrssix'E 
HxrrKTirrRJfiA xriER pRiiLvrv Fail in Tempi ratore 

The patient developed pulmonarv edema, the temperature rose to 105 2, 
and death ensued about 64 hours after anesthesia 

An autops\ was performed b> Br A T Wagner, Coroner’s Surgeon, 
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who found no gross evidence of disease in any of the body organs Tissue 
from the grossly normal brain was forwarded to the Cajal Neuropathology 
Laboratory for microscopic study A number of blocks from various parts 
of the cerebral cortex, basal ganglia, brain stem and cerebellum were taken, 
which were stained or impregnated by the following methods Hematoxylin 
and eosm, scharlach R, Penfield’s combined method, Courville-Krajian 
method for myelin sheaths, cyanm method for nerve cells, the reduced silver 
(Cajal) and Bielschowsky’s neurofibrillar method 

Htstopathology The arachnoid showed regional thickening but no 
cellular infiltration Occasional phagocytes containing golden yellow 
pigment were observed 

The gray matter of the cerebrum and the cerebellum was found to be 
diffusely softer and more friable than normal, and was considerably broken 
up in the preparation No characteristic foci of degeneration were observed 
m most of the cortical areas examined In the lenticular nucleus, however, 
the necrotic areas were well defined and typical The gray matter adjacent 
to the bundles of white fibers contained numerous vacuolar spaces In the 
walls of the small and medium sized arteries of the corpus striatum were 
found small round calcareous particles 

The nerve cells were not universally injured, but here and there indi- 
vidual elements presented changes characteristic of either acute swelling 
(“ghost cells”) or sclerotic change The first type of change was charac- 
tenzed by swelling of the cell, loss of tigroid substance, vacuolization of the 
cytoplasm and degenerative changes m the nucleus The sclerosed cells 
on the other hand were shrunken and distorted, presenting the typical 
cork-screw twists in the apical dendrite which could be traced for some 
distance m the interstitial tissues Their cytoplasm was deeply and homo- 
geneously stained a pinkish-purple color At times the dark, shrunken and 
sometimes irregular nucleus could scarcely be made out These changes 
were particularly marked m the lenticular nuclei and m the cerebellar 
cortex The ganglion cells of the medulla (vagus nucleus) were but little 
altered 

The neurofibrillar structure was found to be altered more or less uni- 
versally In the cerebral cortex some of the cells proved to be entirely 
devoid of argentophihc material Others showed typical granular degenera- 
tion These changes were especially advanced m the Purkmje cells of the 
cerebellar cortex where fine and coarse granular, fusiform and herudiform 
degeneration was observed Occasional small fusiform swellings were 
observed m the superficial fine transverse fibers of the cerebral cortex 

The blood vessels of the cortex and the lenticular nucleus frequently 
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showed thickening of their wills due to cellular proliferation The lining 
endothelial cells were swollen and frequently vacuolated Indentations 
and constrictions in the nuclear membrane indicated active direct cell 
division Orange colored pigment was found to be present in the blood 
vessel walls, in phagocytic cells and in the perivascular spaces 

Well defined alterations in the interstitial cells were observed In the 
vicinitv of the small superficial cortical blood vessels mitotic figures were 
found in the microgln With specific impregnation methods typical 
transitional forms of these cells were observed, particularly about the 
necrotic foci in the lenticular nucleus Some pigmentation of these cells 
were observed The cortical oligodendroglia were increased in number 
presenting a perineuronal satelbtosis They were acutely swollen in both 
the graj and white matter Occasional instances of neuronophagia were 
observed The oligodendroglia of the white matter were also increased in 
number 

Comment In this instance the outstanding clinical manifestation 
was the almost constant generalized convulsions which occurred 
throughout the short survival period The architectural changes m 
the cerebral cortex were minimal as compared to the typical foamy 
degeneration m the lenticular nuclei The occurrence of calcareous 
deposits in the walls of the small blood vessels in the striatum is of 
special interest since similar findings are present after carbon mon- 
oxide poisoning 

Cose 4 Nitrous oxide oxygen anesthesia for biopsy of nodules in old scar 
at site of mastectomy Cyanosis and cardio respiratory failure Generaheed 
convulsions Death after three davs Autopsy 

The patient, a housewife 50 >cars old, reported to her physician, Dr 
Waj land Morrison, when small nodules made their appearance m the axilla 
end along the scar of a former mastectomy wound A carcinomatous left 
breast had been removed on August 11, 1933 under ethvlene anesthesia 

On October 15, 1933, a resection of one of the nodules bj biopsy was made 
under nitrous oxide o\) gen anesthesia at the Glendale Sanitarium and 
Hospital Shortlj after the skin incision hid been made the pitient 
became cvanotic and suddenly ceased to breathe Cardiac action had also 
apparently ceised, for the pulse could not be felt nor the heart belt detected 
with the stethoscope Stimulants were promptl) administered and aruficial 
respiration begun It was estimated that about five minutes elapsed before 
spontaneous respiration ms reestablished and cardiac action restored 
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On return to her room respiratory movements again became shallow for a 
short period Generalized convulsions made their appearance shortly 



Fig 7 Cur\ts of Temper \ture, Pulse \n’d RESPIRATIO^s in Case 4 High Sus 

TAINED CuRV'ES AFTER ORIGINAL RiSE 
^Marked respiratory irregulantj Mas a prominent feature in this case 

thereafter The temperature ranged from 102 to 106° (fig 7) and the 
pulse rate became accelerated At times the respirations were of Chejme- 
Stokes variety, at times they vere labored Administration of oxygen 
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resulted in a marked slow mg of the pulse The patient died three day s and 
five hours after respiratory failure during anesthesia 

The autopsy was performed by Dr Orlvn B Pratt Suspecting that 
cerebral anoxemia was the cause of death, he courteously furnished the 
author with blocks of tissue from the cerebral cortex, corpus striatum, 
medulla and cerebellum for microscopic e\ imination The same senes of 
stains and impregnation methods avere employed as in Case 1 Sections 
from the liver showed congestion and fatty degeneration A cloudy swell- 
ing of the kidneys was also found 

Hislopalhology There was an irregular thickening of the arachnoid 
due to local patches of cellular proliferation This membrane appeared to 
be adherent to the underlying pia mater in some situations Granules of 
yellow pigment and globules of fat contained within macrophages were also 
observed 

The cerebral cortev was extremely friable and was marked with typical 
areas of foamy degeneration (fig f>) Similar but not so characteristic 
areas were also found in the lenticular nucleus adjacent to bundles of white 
fibers These areas were characterized by the presence of numerous 
vacuolar spaces m the interstitial tissues and enlargement of the perivascular 
and pericellular spaces 

Cellular alterations identical with those described in the first cases were 
also observed Acute swelling and sclerotic change were commonly 
observed In the first type the cell bodies were swollen, the cytoplasm 
being occupied by vacuolar spaces The cell margin was often ragged 
The nucleus also show cd ev idences of rcgressiv e change, such as disintegra- 
tion of the chromatic substance and rupture of its membrane In sclerotic 
change, the cell body was shrunken and distorted and the cytoplasm 
stained a homogeneous pinkish purple color The nucleus was shrunken 
and irregular and was at times difficult to distinguish in the darkly colored 
cytoplasm In evamn preparations occasional cells showed a hyaline-like 
transformation of the cytoplasm Tigroid granules could not be found in 
anv of the cells The neurofibnllar apparatus was found to be more or less 
evtensivclv damaged in reduced silv cr preparations, while those impregnated 
according to Bielschow sky’s technique showed alterations only m the 
vicinitv of the areas of foamy degeneration Most of the cells contained 
fat droplets m their cytoplasm (lipoidal degeneration) The cells of 
Purkinje presented a vanable degree of regressive change characterized by 
granular necrosis of their neurofibtillae and loss of tigroid substance The 
cortical nerve fibers showed considerable degenerative change Tusiform 
swellings and cndbulbs were not uncommonly observed 

The microgha had undergone v iriable degrees of transformation, 



160 


CYRIL B COURVILLE 


depending on their proximity to the areas of focal necrosis Some of these 
cells contained mitotic figures No fully developed compound granular 
corpuscles v ere observed The ohgodendrogha showed variable degrees of 
acute swelling and prohferation of these cells were takmg place about the 
subcortical blood vessels Neuronophagia v as occasionally observed 
The small cortical blood vessels appeared engorged Only mmor earl}'^ 
e\adence of prohferation of the vascular endothelium was noted Pigment 
and fat was found m their walls and m phagocytes in the penvascular spaces 



Fig 8 Case 4 Survti'al Period 3 Hours 
A, nght middle frontal gyrus, B, left postcentral gyrus Reduced siher prepara- 
tion Reduced from X22 

Argentophihc granules were also obsen^ed m the endothelial cells in reduced 
silver preparations 

Comment The onset of asphyxial symptoms wnthin a few minutes 
after the induction of nitrous oxide anesthesia would suggest that, 
m some instances at least, these manifestations may be due to idio- 
syncracy to nitrous oxide The anesthetic agent being under com- 
plete control, scarcely enough time had elapsed after beginning of the 
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anesthesia for an evtensive asphyxia of the brain to develop per 
prwittm The cerebral damage presumably occurred during the 
interval of respirocardiac failure 

Case 5 Respiratory failure under nitrous oude-oxygen anesthesia for 
curettage of chronic osteom\clitic focus of right tibia Residual coma and 
generalized muscular hvikhtug mill decerebrate rigidity Death after four 
days and seven hours Autopsv 

A colored boj , six years old, u ts admitted to the Orthopedic Service of 
Alfred E Gallant at the Los Angeles County General Hospital on Dec 22, 
1930 with multiple swellings and discharging foci of the skin of the trunk 
and extremities Eight months before, he had "sprained” his right ankle 
and about a month later the skin ruptured at the point of injury and dis- 
charged pus Two months before admission, multiple nodules appeared 
elsewhere oxer the trunk and extremities, some of which had also broken 
down and discharged pus A history of progressive loss of weight, occa- 
sional night sweats and attacks of dyspnea and expectoration was also 
elicited 

The patient proved to be emaciated and apathetic The cervical and 
inguinal lymph nodes xvere enlarged and discrete The breath sounds were 
roughened over the apices of the lungs The skin of the abdomen was 
marked with a number of small firm nodules Larger firm subcutaneous 
nodules were palpable m the middorsal region of the back and oxer both 
arms and legs A fluctuant swelling xxas present on the dorsum of the left 
hand and suppurating ulcers were observed on the back of the right thigh 
and about both ankles 

After obserx’ation for some weeks it was decided to drain the suppurative 
focus in the lower third of the bones of the right leg This was done under 
nitrous oxide-oxygen anesthesia on February 10, 1931 About the time the 
operation was completed, the child suddenly stopped breathing and the 
pulse could not be felt Stimulants were given and artificial respiration 
begun The pulse again became perceptible in a few moments, but artificial 
respiration had to be continued for half an hour before spontaneous breath- 
ing was resumed The respirations were short and shallow, tending to 
become deeper and slow er in the course of the next six hours 

Within a lew hours generalized hypertonicity of the body musculature 
developed, associated with muscular twitchmgs in the extremities, which at 
times assumed the proportions of true convulsive seizures These move- 
ments were most marked in the upper extremities A neurologic examina- 
tion was made four hours after the respiratory crisis bv Dr Delbert Werden 
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The child was found to be comatose, vomiting and perspinng freely The 
pupils were equal and reacted well to light The head and eyes were 
deviated to the left Recurrent generalized convulsions were observed, 
the movement appearing first and being most marked in the right extremi- 
ties The deep reflexes were hyperactive throughout and pathologic reflexes 
were elicited on the left (the right leg was in a cast) A spinal puncture 
at the time revealed a clear colorless fluid under no increase in pressure 
Examination of the urine showed an abundance of albumin and a trace of 
glucose (intravenous glucose had been given shortl}’’ before) There were 
41 mgm of non-protein nitrogen per 100 cc of blood 

At intervals the child seemed to rouse himself, became restless and cried 
out At these times the breathing became irregular and muscular twitch- 
mgs made their appearance Choreiform movements were also observed 
on occasion The state of decerebrate rigidity became progressively more 
marked The temperature became elevated (fig 9), the coma deepened and 
death ensued four days and seven hours after the episode of respiratory 
failure while under the anesthetic 

An autopsy was performed by Dr John H Schaefer, Coroner’s Surgeon, 
who found a combined miliar}'^ and pneumonic tuberculous process in both 
lungs associated with dense pleural adhesions The capsules of the liver 
and spleen were chronicall}^ thickened Large tubercles were found in the 
spleen and in the cortex of the left kidney The lesions of the bones of 
the right leg and of the skin were considered to be of tuberculous origin 
The writer was graciously permitted to make a study of the brain Blocks 
of tissue were taken from the superior frontal gyrus, precentral gyrus, the 
corpus striatum and the cerebellum Sections were prepared m the same 
manner as in the previous cases 

Histopafhology Onh' minor changes were observ^ed in the lepto- 
memnges, consisting of local areas of cellular proliferation A collection of 
small globules of calcium in the wallsof a large vein was a chance observ^ation 

The architectural changes in the gray substance was somewhat advanced > 
o^er cases vith a shorter survival period In the areas of focal necrosis 
(fig 10) there was a marked increase m size of the perivascular and 
pericellular spaces and there were vacuole-hke spaces in the interstitial 
tissues These lesions were more common in the lenticular nuclei The 
cerebral cortex vas not affected to the same degree m all areas Some 
sections reAealed extensive superficial alteration, while in others onl> 
circumscribed pale areas were observed 

The pjTamidal cells were found to be undergoing the characteristic 
t 3 'pes of degeneration, i e , acute swelling and a modified sclerotic change 
The foimer U-^pe A\as manifested b}' swelling of the C 3 ffoplasm, loss of tigroid 
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matenal and \ acuolization The latter alteration i\as not entirel> typical 
of advanced sclerotic change, in that the cvtoplasm was not so deeply 



stained, and the apical dendnte failed 
corkscrew” twisUng The nerve cells 


to show so marked a degree of 
wore markedly shrunken and 
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■distorted by the collection of fluid about them All cells showed varying 
degrees of neurofibnllar degeneration The large motor cells of the lentic- 
ular nucleus presented a homogeneous coagulated appearance There was 
an almost universal occurrence of lipoidal deposit in the nerve cells of the 
brain 

Meriting particular mention were the alterations found in the cells of 
Purkinje In routine preparations they were found to be markedly con- 



Fig 10 Case 5 Survival Period 4 Days, 7 Hours 
A, dorsolateral and B, dorsomesial surface of left frontal lobe Diffuse patchy 
necrosis of the cortex Reduced silver preparations X22 

tracted, stained a bnght pink color and had a coarsely granular appearance 
In contrast to the usual variable alterations of the neurofibrillar structure, 
there was a universal fine granular degeneration which gave the cytoplasm a 
“peppered” appearance The cells were devoid of any trace of chromatic 
substance 

The oligodendrogha showed variable degrees of acute swelling in both 
the white and gray substance and early evidences of proliferation were 
present Neuronophagia was occasionally observed, especially in the 
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corpus striatum Mitotic figures were found m the microglia of the basal 
ganglia, the cerebral and cerebellar cortex, and early transitional changes 
were present in these cells, as shown bv the combined method 

In certain areas of the cortex the blood vessels appeared to be increased 
in number Their walls were often thickened, due to actix'e cellular 
proliferation, both b> direct and mitotic cell division They proved to 
contain globules of fat and, at times, granules of argentophilic material 
The small vessels of the corpus striatum frequentl> contained small calco- 
spheres 

Comment The evadent causative factors and the typical clinical 
picture made the finding of evidences of change in the brain a fore- 
gone conclusion The disturbances in respiration noted for several 
hours after anesthesia were suggestive of cerebral anoxia The exist- 
ence of pulmonary tuberculosis may well have been a factor in pre- 
apitatmg the respiratory crisis by interfering with the oxygen- 
carbon dioxide exchange in the lungs The return of voluntary 
movements a few hours after anesthesia suggested a less marked 
degree of cortical damage This belief was confirmed by the finding 
of minor necrotic alterations in the cortex, even after a survival 
period of five days The occurrence of calcareous particles in the 
striatal blood vessels and the almost universal lipoidal pigmentation 
of nerve cells w ere of speaal interest in this case 

Case 6 Administration of nitrous oxidc-ovy^cn supplementing spinal 
anesthesia for hysterectomy Continued coma Diffuse minor motor mani- 
festations Survival period 5 days Autopsy 

A Caucasian housewife, 43 years old, was admitted to the Gynecological 
Semce of Dr Lawrence Chaffin at the Los Angeles County General Hospital 
on Januarj 17, 1931, with a diagnosis of fibrosis uteri and relaxed penneum 
The patient had complained of periods of irregular bleeding two or three 
times a month for the past eight years, which had resulted in a secondary 
anemia She had pulmonar> tuberculosis with hemoptjsis for a period of 
18 months seven years before There had also been a nervous breakdown 
at some previous period Aside from the local pelvic disorder no unusual 
findings were recorded in the course of the examination Blood pressure 
was 126/80 

A h>sterectomj was performed on the morning of January 19, 1931 the 
operation having been started under spinal anesthesia BTien the effects of 
this anesthetic began to weir off one and a half hours later, nitrous oxide 
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oxygen was administered Just as the abdomen was being closed ten 
minutes later the patient suddenly stopped breathing, the pulse became 
imperceptible and the blood pressure dropped to zero After two minutes 
of artificial respiration normal respiratory movements were again started 
Fifteen minutes later respirations again ceased when the table was raised 
from the Trendelenburg position Artificial respiration was resorted to, 
and it was 12 minutes before voluntary gasping movements became mamfest 
The patient failed to regain consciousness, however, and consultation with 
members of the medical and neurological service was requested The day 
following the operation an examination was made by the writer The 
patient was found to be deeply comatose All extremities were flaccid, 
although the deep reflexes were universally hyperative, particularly m the 
right arm and the left leg There was an equivocal bilateral Babmski and 
Chaddock and an unsustained left ankle clonus The respiration and pulse 
were irregular There was some diflSculty in swallowing The pupils were 
equal, regular and reacted sluggishly to light There was a definite tendency 
to conjugate deviation of the head and eyes to the right The possibility 
of multiple cerebral emboli was considered 

Repeated examination of the urine following the anesthetic revealed 
progressively increasing amounts of albumin and at times traces of glucose 
and acetone Two days after the accident, chemical analysis revealed 
137 mgm of sodium chlonde per 100 cc of blood On the day of the 
patient’s death the spinal fluid was found to be under 250 mm of pressure 
and was clear and colorless 

The patient was examined repeatedly, varying diagnostic impressions 
being recorded She gradually failed with steadily rising temperature and 
pulse rates (fig 11) She died January 24, 1931 An autopsy was per- 
formed one and a half hours postmortem by Dr John L Jackson, resident 
pathologist 

Small subpial hemorrhages were found over the surface of the brain 
along the course of the vessels, associated with a moderate degree of con- 
gestion There seemed to be multiple small foci of softening throughout 
the cortex of the cerebral hemispheres, but there were no other gross 
changes Several blocks of the cerebral cortex w^ere removed for micro- 
scopic study Antemortem clots w'ere found in the branches of the pul- 
monary arteries tow'ards the left base and right upper lobe, but there was no 
evidence of infarction There w^ere fatty changes m the liver 

Sections from the brain w^ere prepared by the follownng methods Hema- 
toxylin and eosm, scharlach R for fat, cyanin method for tigroid matenal, 
the neurofibnllar methods of Cajal and Bielschow^sky, the Courville-Krajian 
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method for mjelm sheaths and Penfield's combined method for microgha 
and ohgodendrogha 



Fig 1 1 Cum es or Teotei! muke, Pulse intj Respiraiiols in Case 6 Peogressu e 
Rise in Tesipeiiaiore after Mintsul Primary Eleiation 

Btslopalhology A slight irregular thickening of the arachnoid was 
noted but there nas no evidence of cellular proliferation Blocks of tissue 
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taken from the frontal cortex revealed patchy areas of necrosis affecting 
especially the superficial layers of the cortex, but often the deeper layers as 
well Fusion of these patches were often observed, giving rise to irregular 
areas of degeneration (fig 12) 

Many of the nerve cells in the region of the “foamy” areas were under- 
going regressive alteration either as acute disintegration (ghost cells) 
or sclerotic change The former had lost all their tigroid material, their 
cytoplasm was vacuolated and the nuclei frequently fragmented In the 
“sclerosed cells” there was a condensation of the chromatimc material m 



Fig 12 Case 6 SuRimwL Period 5 Days, 5 Hours Left Midfrontal Gyrus 
A, hematoxylin and eosm, B, Bielschonsky neurofibrillar method, and C, Cajal 
reduced silver preparation All preparations from the same block Reduced from 
X35 Irregular patchy necrosis is shown by all three methods 

the shrunken and distorted cell body, giving the cell a dark bluish purple 
color, m which the shrunken dark nucleus was often difficult to distinguish 
The apical dendrite was often twisted and presented a tvire-hke distinctness 
The other dendrites often presented peculiar mace-hke swellings The 
neurofibrillar apparatus was found to be degenerated, a change most 
marked about the nucleus The smaller and more superficial pyramidal 
nerve cells w ere most seriously affected 

The small transverse fibers of the cortex revealed occasional rings and 
fusiform sw ellings The large fibers entenng the cortex also showed fusiform 
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enlargements, and some of their myelin sheaths also revealed characteristic 
globular swellmgs 

No u ell-defined changes were obserred m the blood vessels, excepting 
early evidences of duect cell division m the endothelial cells and the occur- 
rence of orange colored pigment within their walls or within phagocytes in 
the perivascular spaces 

The microglia about the foamy areas revealed early but characteristic 
transitional changes The oligodendroglia were acutely swollen Occa- 
sional mstances of neuronophagia were observed 

Comment This was the first of the senes of cases here reported 
to come under the author’s observation His own opinion was that 
multiple cerebral emboli were responsible for the cerebral manifesta- 
tions Among the other possibihties considered by the numerous 
consultants were cerebral edema, novocaine and sodium amytal 
(sodium isoamylethyl barbiturate) poisomng In one of the bedside 
discussions a medical consultant (Dr Verne Mason) stated that 
anoxemia might be a cause for the condition, since respiratory failure 
for a considerable interval had occurred at the time of operation 
At that tune the possible connection vnth the anesthetic agent, nitrous 
oxide, was not fully appreaated The occurrence of sunilar mani- 
festations in other cases while under nitrous oxide anesthesia led to 
the more complete appreaation of the problems presented 

Case 7 Ntlrotts oxide oxygen-ether anesthesia for perineorrhaphy and 
repair after normal delivery Irregtdar respiratory moiements without cyanosis 
during anesthesia Localized and generalized convulsions and coma Tem- 
porary improvement followed by decline and death Survival period 61 days 
Autopsy 

A w ell developed and well nounshed Mexican pnmipara 1 7 j ears old , w as 
admitted m labor to the Obstetneal Service of Dr Edmund hazard at the 
Los Angeles County Hospital on August 17, 1934 Subsequent history 
jaelded the mformation that the patient had presented evidence of mental 
aberrations for a month pnor to entrance to the hospital She w as dehvered 
of a normal male child S hours after admission 

To facilitate delivery a penneorrhaphy was done by Dr George H 
Hewitt under nitrous oxide-oxj'gen anesthesia The patient recovered 
promptly from this anesthetic, altliough it was recalled later that she had 
appeared rather listless and indifferent to her surroundings and did not 
attempt to talk Nitrous oxide was again administered for repair of the 
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taken from the frontal cortex revealed patchy areas of necrosis affecting 
especially the superficial layers of the cortex, but often the deeper layers as 
well Fusion of these patches were often observed, giving rise to irregular 
areas of degeneration (fig 12) 

Many of the nerve cells in the region of the “foamy” areas were under- 
going regressive alteration either as acute disintegration (ghost cells) 
or sclerotic change The former had lost all their tigroid material, their 
cytoplasm was vacuolated and the nuclei frequently fragmented In the 
“sclerosed cells” there was a condensation of the chromatinic matenal in 



Fig 12 Case 6 Survival Period 5 Days, 5 Hours Left Midfrontal Gyrus 
A, hematoxylin and eosin, B, Bielschovsky neurofibrillar method, and C, Cajal 
reduced silver preparation All preparations from the same block Reduced fro’ 
X35 Irregular patchy necrosis is shown by all three methods 

the shrunken and distorted cell body, giving the cell a dark bluisb 
color, m which the shrunken dark nucleus was often difficult to d 
The apical dendrite was often twisted and presented a wire-hke 
The other dendrites often presented peculiar mace-hke S’ 
neurofibnllar apparatus was found to be degenerated, 
marked about the nucleus The c ■ -<1 re su’' 

nen'^e cells ere most seriously affected 
The small transverse fibers of k 
fusiform sv ellmgs The large fibers 
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enlargements, and some of their myelin sheatlis also revealed characteristic 
globular swellmgs 

No n ell-defined changes were observed in the blood vessels, excepting 
early evidences of direct cell division in the endothelial cells and the occur- 
rence of orange colored pigment within their walls or within phagocytes in 
the perivascular spaces 

The microglia about the foamy areas revealed early but characteristic 
transitional changes The oligodendroglia were acutely swollen Occa- 
sional mstances of neuronophagia were observed 

Comment This was the first of the senes of cases here reported 
to come under the author’s observation His own opinion was that 
multiple cerebral emboli were responsible for the cerebral mamfesta- 
tions Among the other possibihties considered by the numerous 
consultants were cerebral edema, novocaine and sodium amytal 
(sodium isoamylethyl barbiturate) poisonmg In one of the bedside 
discussions a medical consultant (Dr Verne Mason) stated that 
anoxemia might be a cause for the condition, since respiratory failure 
for a considerable interval had occurred at the time of operation 
At that tune the possible connection with the anesthetic agent, nitrous 
oxide, was not fully appreciated The occurrence of similar mani- 
festations in other cases while under nitrous oxide anesthesia led to 
the more complete appreaation of the problems presented 


Case 7 Nitrons oxide-oxygen-eUier anesthesia for perineorrhaphy and 
repair ajler normal delivery Irregular respiratory movements without cyanosis 
during anesthesia Localized and generalized convulsions and coma Tem- 
porary improvement fallowed by decline and death Survival period di days 
Autopsy 


A well developed and well nounshed Mexican pnmipara 17yearsold was 

admitted in labor to the Obstetneal Service of Dr Edmund hazard at the 
Los Angeles County Hospital on August 17, 1934 Subsequent history 
yielded the information that the patient had presented evidence of mental 
aberrabons for a month prior to entrance to the hospital She was delivered 
of a normal male child 5 hours after admissioa 

To facihtate delivery a penneorrhaphy was done by Dr Georee H 
Hevntt under nitrous oxide oxygen anesthesia The pabent recovered 
prompUy from tins anesthebc, although it was recaUed later that sS 
appeared rather listless and mdifferent to her surrn,mHm„c j j j ^ “ 
» uii “ “a"; 
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perineum, ether bemg added after mduction smce the patient did not seem 
to be completely anesthetized Toward the close of the operation, it was 
noticed that the respirations had become shallow and slowed The expira- 
tory phase in particular was definitely prolonged There was no cyanosis 
at the time. The anesthetist examined the apparatus and failed to find 
any possible cause for the respiratory irregularity and the anesthetic was 
continued without interruption A few moments later, several short 
periods of apnea were noted Pure oxygen was promptly admmistered and 
normal breathing was promptly resumed, although the respirations were 
noticeably slowed There was no cyanosis noted during this interval A 
mixture of carbon dioxide and oxygen (90:10) was then adihmistered for 
several minutes, but the slowed and somewhat shallow respirations were 
unaffected thereby 

Instead of regainmg consciousness after the administration of the carbon 
dioxide-oxygen mixture, the patient remained deeply comatose Two 
hours later, left side jacksoman seizures made their appearance The 
convulsions soon became generabzed The patient remamed m a semi- 
stuporous state and convulsive movements continued at short intervals for a 
penod of 12 hours The blood pressure which was 172/102 on entrance, 
continued to remain elevated. 

The patient was examined two days later by Dr J M Nielsen and the 
wnter, who found the patient m a state of irritable coma, presenting 
episodes of mvoluntary laughing and crying The deep reflexes were 
moderately increased and associated 'with a bilateral Babinski and Chad- 
dock The eyes were fiixed m position of downward gaze. There were no 
signs of memngeal irntation. 

She was re-examined the followmg day and although she was perhaps 
less deeply comatose than the day before, her condition was found to be 
essentially the same The face was covered with perspiration No atten- 
tion was paid to spoken commands and patient did not seem to be able to 
see individuals or objects m the room Outbursts of crymg occurred 
whenever she was disturbed No formed words or sentences were uttered 
Voluntary movements were extremely limited m extent and all extremities 
were held in a position of slight flexion, — the forearms on the arms and the 
legs on the thighs Only a suggestion of rigidity was noted, more in the 
upper extremities The deep reflexes were slightly hyperactive throughout 
A bilateral Hoffman, Babinski and Chaddock were still present 

The blood Wassermann and Kahn tests proved to be negative Re- 
peated urmalysis disclosed mcreasing amounts of albumin m the unne 
The non-protem nitrogen was found to be 21 to 30 mgm per 100 cc of blood. 
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four and two days before death Lumbar puncture revealed a clear 
colorless spinal fluid under more than 400 mm of water pressure The 



Fio 13 CoKVES or Tempesatdse, Pdlse and Respirations in Case 7 Abrupt 
Peeteruikal Rise aitee Period of Irregular low pever 

fluid was cytologically and serologically negative Blood studies on the 
day of death revealed 13,450 white cells per cubic milhmeter 

The patient grew progressively worse after the first two days of apparent 
improvement The coma deepened, the temperature became elevated 




172 


CYRIL B COURVILLE 


and the pulse and respiratory rates mcreased (fig 13) Throughout the 
survival penod the blood pressure fluctuated between 170/130 and 125/95 
Death occurred 6 days and 13 hours after administration of the anesthetic 

An autopsy was performed 3 hours after death by Dr Hugh Edmondson, 
resident pathologist Petechial hemorrhages were found m the visceral 
pencardium and in the mucosa of the ureters The liver was enlarged 
(1620 grams) and somewhat swollen Its cut surface presented a mottled 
appearance The cortex: of the kidneys was also somewhat swollen 

The pia mater presented a marked congestion of the small blood vessels 
and the larger veins were full and somewhat tortuous The convolutions 
were not particularly flattened There were several spots of subarachnoid 
hemorrhage about the size of a dime over the dorsolateral surfaces of the 
cerebral hemispheres After prolonged fixation, it was noted that the 
cortex of the brain was still very fnable and easily injured On cross 
section it appeared to have a faint yellow color, particularly m the region of 
the calcanne fissure 

In order to obtain a more accurate conception of the extent and degree 
of degeneration than was obtained m a study of the previous cases, blocks 
of tissue were taken from sy mm etrical positions in functionally important 
areas m the cerebral hemispheres and from the brain stem and cerebellum 
This was done in order to make comparisons as to extent and seventy of 
degeneration on either side The areas studied were the midfrontal 
convolutions, the body and tail of the caudate nucleus, the thalami, the 
frontal operculi, the hippocampi, the central regions (arm area), anterior 
transverse temporal gyri (auditory area), visual cortex about the calcarine 
fissure (visual cortex), midbram at the level of the red nucleus, the caudal 
pons (level of the nucleus of the vagus) and symmetncal areas m the 
cerebellar lobes 

The findings in the stamed and impregnated sections were charactenstic 
of cerebral anoxia but showed even a more advanced state of necrosis in 
some areas thaa was observed m Case 6, as would be expected from the 
longer survival period 

The meninges showed accumulations of cells scattered here and there, 
indicative of active proliferation The pial blood vessels were engorged 
Lymphocytes were scattered throughout the meninges but were most 
numerous m the vicmity of the blood vessels At times small circumscnbed 
clusters of these cells were observed No calcareous particles were found 

The cortex commonly showed various degrees of necrosis m the numerous 
sections Corresponding areas from the cortex of the cerebral hemispheres 
as a rule did not show the same degree of injury, nor was one hemisphere 
predominantly affected This seemed to confirm the impression gamed 
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from a stuch of previous cases that the cortex was not uniformlj damag 
1 he accompan\ mg illustration (fig 14) shoa s the 1) pe of necrosis found 
the various blocks most seriously affected In the involved areas typi 
alterations in the cortical architecture and cellular elements were obserx 
— earlj proliferation of the subependymal astrocytes, patchy necroi 
dilated pericellular and perivascular spaces, engorgement of the blc 
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shown m previous cases, was the new formation of blood vessels The 
smaller vessels were definitely increased in numbers, and in the larger vessels 
the cellular elements had become markedly proliferated Mitotic figures 
were commonly observed This development of new vessels was not 
uniform in all areas nor in all parts of any one section It was not unusual 
to find a large number of small vessels within a circumscribed area while the 
surrounding region appeared quite normal in this respect In the areas of 
extensive necrosis the process seemed limited to the margin of the affected 
cortex In the sections showing less architectural change, the process was 
more advanced, probably because destruction was less marked 

There was at times a zone of edema of varying width in the subjacent 
white matter in sections showing a seriously damaged cortex The subcorti- 
cal blood vessels were definitely engorged The oligodendrogha were 
acutely swollen and showed early evidence of proliferation 

The cells of the corpus striatum and the thalamus were devoid of any 
gross changes and areas of necrosis and proliferation of blood vessels were 
not found No calcareous particles were present in the walls of the small 
blood vessels, such as were found in some of the previous cases 

The nerv'e cells of the midbrain and pons showed no appreciable change 
The cells of Purkmje shoved variable degrees of loss of their tigroid material 
and degeneration of their neurofibrillar apparatus 

Comment There are a number of features in this case which 
should be emphasized In the first place, a severe and ultimately 
fatal insult to the cerebral cortex was sustained during nitrous oxide 
anesthesia without evidence of cyanosis While it had been recog- 
nized for some time that cyanosis and anoxemia are not synonjonous 
and do not necessarily accompany each other, some clinicians still 
cling to this motion The appearance of recovery in the first few 
days with subsequent decline corresponds to the short transient 
period of recovery observed in the patients with shorter survival 
periods The conxnilsive seizures and continued elevation of blood 
pressure suggested a toxic state associated with pregnancy There 
were, however, no physical evidences of toxemia From a pathologic 
standpoint the demonstration of the irregularity and the diffuseness 
of the cortical necrosis was of special interest and significance There 
was no necrosis in the corpus striatum, a variation not observed in 
other cases 
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Case S Respiratory irregularities under nitrous oxide-oxygen anesthesia 
for curettage of the uterus Coma followed by delirium Septicemia Death 
19 days later iutopsy 

A Caucasnn housei\ife 35 years old was admitted to the Obstetrical 
Service of Dr Edmund Lazard at the Los Angeles County Hospital on 
Februarj 12, 1931 with the diagnosis of incomplete abortion A curettage 
of the uterus was performed in the afternoon of February 14th under nitrous 
ovide-oxjgen anesthesia The anesthetic was taken poorlv from the outset, 
the respirations being very deep and irregular In spite of withdrawal of 
the anesthetic and the prompt administration of a carbon diovide-oxygen 
(10 90) mixture, respirations continued to be of a “forced” character and 
the interval between them was prolonged Twelve minutes after the time 
the anesthetic had been started the patient suddenly stopped breathing, 
the pupils dilated and the pulse became very rapid and weak After 
vigorous stimulation and artificial respiration, spontaneous respiration of a 
gasping” character w as resumed after tw o minutes The patient remained 
unconscious, however, and twitching movements of the tongue and jaw 
were observed 

The patient w as examined bv the vv nter before she w as remov ed from the 
operating room She was deepl) comatose, voluntary movements being 
limited to minor purposeless motions of the hands The pupils were small 
and equal The ejes were deviated upward and shghtlj outward There 
was an active perspiration about the mouth and neck, a circumoral pallor 


was present, while the cheeks were flushed The deep relieves were present, 
active and equal, associated with a bilateral ankle clonus and a bilateral 
Babinski, Chaddock and Oppenheim The corneal and abdominal reflexes 
were absent A peculiar movement of the tongue was observed, char- 
acterized bv fine fibnllarj twitchings of its tip at the beginning of periods of 
hyperpnea followed bv coarse up md down movements of its midportion 


postenorlj, as respirations became deeper These movements were not 
present during the penods of apnea 

Wthin a few hours the patient became restless At intervals the jaw 
was tightlj closed, associated with penods of generalized bodj ngiditj 
■s vras follow ed bj activ e delinum with increased motor activatv and 
screaming at frequent intervals Retching and occasional vomitmg oc- 
mrred Visual hallucinations and delusions were evidentlv present dunng 
e penod of evatement The patient was transferred to the psv chopathic 
w ard She continued to hav c penods of acute mania and complete restraint 
QQ B The temperature cur\e showed dail\ \'an'itions between 

and 1(4®^ g^d at limes toward the end, of 105° Blood culture demon- 
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strated the presence of pneumococci Before death muscular twitchings 
made their appearance, developing progressively into a marked constant 
tremor Death occurred on March 5, 1931 

An autopsy was performed by Dr Lawrence Parsons, pathologist, 15 
hours after death Several thrombi were found in the pulmonary arteries 
of the left lower lobe together with some hypostatic congestion There was 
an extensive thrombosis of the right external iliac and femoral veins A 
small necrotic area was found in the posterior wall of the fundus uteri 
associated with a thrombosis of the veins m the left broad ligament The 
brain was grossly normal Microscopically, there was a severe cloudy 
swelling of the kidneys and the spleen revealed bacterial foci containing 
pneumococci 

Histopathology Sections from the cerebral cortex were prepared with 
the same methods as in the previous cases The arachnoid revealed only a 
minor diffuse thickening There were no gross areas of necrosis as were 
found in the cases with a short survival period Occasional scattered cells 
revealed the alterations previously characterized as acute swelling or 
sclerosis Such cells revealed neurofibrillar degeneration and disintegration 
of the chromatic material The ohgodendrogha were acutely swollen, 
while the microglia revealed no change In the perivascular spaces were 
found macrophages loaded with yellow pigment 

Comment This case is one of unusual interest, in that a minor 
and probably recoverable state of cerebral anoxia occurred during 
nitrous oxide-oxygen anesthesia The patient’s death was ulti- 
mately due to a pneumococcic septicemia In the sections studied 
only occasional scattered cells showed evidence of change, but these 
changes were similar to those found in the previous cases Unfor- 
tunately, a more critical study was not done, owing to the limited 
amount of material obtained at autopsy If the transient anoxemic 
state was responsible for the changes in the nerve cells observed 
in the sections from the brain, these findings probably represent the 
cerebral alterations in patients who recover from the condition 
\Vhen discovered, such cases should be followed clinically to deter- 
mine whether or not residual neurologic or psychiatric manifestations 
persist 

Case 9 Extraction of teeth under nitrous oxide-oxygen anesthesia Tran- 
sient respiratory failure followed by convulsions and coma for 24 hours 
Improvement in mental status for several days Complete blindness followed 
by deep coma and death in 26 days after onset Autopsy 



ASPHYXIA rOLLOUTNG NITROUS OMDE ANESTHESIA 


177 


A ivhite man 27 jears old suddenl> developed respiratorj' failure after 
40 minutes of nitrous o\ide-o\vgen anesthesia, during which several teeth 
had been extracted His past historj, aside from periodic alcoholism, was 
essentiallv negative The pulse was imperceptible dunng the period of 
apnea Spontaneous respiration was resumed after vigorous measures of 
resuscitation had been instituted 

He was seen bj Dr Louis B Baldwin, a medical consultant, one and a 
half hour later, who found the patient to be deeplj' comatose with jerkv 
shallow respirations The deep reflexes were universall} hvperactive and a 
bilateral Babmski and left ankle clonus were present Peculiar convulsive 
phenomena of short duration were observed The pulse would at times 
suddenly become more rapid During these episodes there was a marked 
rigiditv of the neck with opisthotonos, marked dilatation of the pupils and a 
slow lateral njstagmus of short duration During this attack, various 
muscle groups would become more rigid with a tendencj to lateralize to the 
extremities of either one side or the other There was noticed a twitching 
of the thumb and forefinger of the left hand for S to 10 minutes at a time 
The hands frequentlv assumed a tjpical carpopedal position during the 
conv ulsiv e attacks 

After a penod of deep coma lasting 24 hours, the patient became restless 
and irrational The speech was slow and hesitant, but the words were 
clearly enunciated A conjugate deviation of the eyes to the right, which 
persisted for several days, was noted The deep reflexes were active and 
equal on both sides, though decreased in the upper extremities A bilateral 
Babinski was still present The patient remained in a confused mental 
state and speech was slurred Although he made no complaint of blurred 
vision, he was just able to distinguish nearby objects In the course of a 
few davs a weakness of both lower and upper extremities was noted, most 
marked in the right arm 

Three days after onset the patient seemed more rational, but was ex- 
tremelv restless He was conscious of the frequent violent and aimless 
movements but was entirely unable to control them He stated that his 
vision was perfectlv normal and the weakness in the right arm was less 
marked The following dav the patient seemed clear and cooperative, 
although the purposeless movements persisted Visual fields were found 
to be normal to rough test The weakness and incoordination of the right 
upper extremitv and tlie bilateral Babinski persisted The patient com- 
plained of a feeling that the right hand was swollen The next day the 
patient again became stuporous and vv hen aroused w as not able to recognize 
indiv iduals and said that he was completelv blind 
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Lumbar puncture revealed a perfectly clear fluid clinically and serolog- 
ically normal The blood count and unnalysis were also normal 

Dunng the remaimng da 3 '^s of life the patient was irrational or comatose, 
and was entirely oblivious of his surroundings The temperature curve 
was irregular (fig 15), and the patient perspired freely The heart was 



Fig 15 Curves of Temperature, Pulse and Respirations in Case 9 
Note pnmary and secondary nse in temperature before abrupt tertiary (preterminal) 
rise Marked \anations in pulse rate were characteristic in this case 

markedh irregular, the rate increasing from 80 to 1 20 within a few seconds 
Respirations were regular The patient ground his teeth and was involun- 
tan,* The conjugate deviation of the eyes to the nght and the bilateral 
Babmski persisted The patient died on May 20, 1 933 

An autopsy tvas performed bj” Dr E P Palmer and Dr Baldwan after 
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the bodv had been embalmed A left sided bronchopneumonia associated 
nith a left chronic adhesiie pericarditis and pleuritis Mere found There 
was also a dilatation of the stomach and upper intestinal tract Eaidence 
of infection was present in both renal pelves 

The well fised brain was brought to the laboratory through the courtesj 
ofpr CarlW Rand, who had been consulted bv telephone as to the possible 
nature of the cerebral lesion He suspected anoxemia as the cause of the 



Fic 16 Case 9 Scrvival Period 26 Dvvs Snomsc Mvreed Necrosis and 
NAREOniNG OF COKTEX AT Tno LeVEES OF THE LeFT OcaPITAE LOBE 


nervous manifestations and, knoning of mj interest in the problem, gra- 
aousK assisted in the procurement of the specimen 

A definite thickening and opacit), abnormal for an individual of this 
age, was found to be present On cut section the cerebral cortex appeared 
remarkablv thinned, granular and fnable This ms particularh true in the 
occipital lobes, where the Utenuatcd cortex had a vellowish color (fig 16 ) 
The lenticular nucleus was likewise granular and necrotic There were no 
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gross changes in the white substance of the brain and the brain stem and 
cerebellum seemed grossly normal 

Blocks of tissue were taken from the frontal, parietal and occipital 
cortex and the hippocampus, from the lenticular nucleus, the caudal pons 
(level of vagus nucleus) and the cerebellum Sections were stained or 
impregnated, according to the following techniques. Hematoxylin and eosm, 
scharlach R, Penfield’s combined method, cyanin method for tigroid 
material, Courville-Krajian method for myelin sheaths and Cajal’s and 
Bielschowsky’s methods for neurofibrils 

Histopathology There was a definite irregular thickening of the pia 
mater and arachnoid due to swelling of these membranes, and proliferation 
of their cells In the pia this process was particularly marked m the region 
of the blood vessels Small masses of calcareous material were present in 
the walls of some of the smaller vessels Lymphocytes were found scattered 
throughout the leptomenmges or collected about the superficial vessels 
Changes in the cerebral cortex were extremely variable (fig 17) In 
blocks from the frontal lobes, the degenerated process was limited to the 
intermediate and deeper layers, the decadent tissue having been replaced by 
a network of new formed blood vessels in the interstices of which were 
found transitional forms of microglia and compound granular corpuscles 
Most of the nerve cells in the affected areas had disappeared, but those 
that remained presented a most unusual appearance The persisting cells 
were stained a uniform deep purple and morphologically were typical of the 
so-called “calcified” nerve cells The processes of these cells were evidently 
brittle, fragments being broken off sharply like a dried stick These cells 
were for the most part engulfed by large phagocytic cells whose pink cyto- 
plasm often contained two or more nuclei With the Prussian blue method 
these “calcified” cells were found to contain iron (see frontispiece) 

The parietal cortex was marked by patches of vascular proliferation m 
the deeper layers In these less seriously affected regions many of the 
nerve cells showed advanced sclerotic change In the cortex m the vicinity 
of the calcarine fissure where necrosis was grossly visible, there was an 
extensive disintegration of the intermediate cortex The leptomenmges 
W'ere adherent to a superficial layer of cortex, which m turn was detached 
more or less completely from a narrow residual band of deep cortex An 
irregular, ragged, vascular scar bordered the defect on either side The 
hippocampus showed no evident architectural alterations 

The central portions of the lenticular nucleus were more or less cora- 
pleteh replaced by a vascular scar presenting the same characteristics as 
the cortical one Remains of “calcified” nerve cells were also present 
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rio 17 Case 9 1, shoaing marled sublolal necrosis of Icfl occimlal corler Re 

duced silver preparation X22 B shoning zonal necrosis in left mdfrontal reeion 
Reduced siUcr preparation X22 C. aicumscribcd solid sascuhr sc™m™orter of lcft 
superior parietal lobule I’entield’s combined method X35 
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The nerve fibers constituting the white substance seemed unaltered In 
the cortex, particularly in and adjacent to the necrotic areas, granulation 
and fragmentation of the axis cylmders were commonly found End bulbs 
were also present m large numbers 

The cells of Purkmje showed loss of tigroid material and a universal 
but variable degree of degeneration of their neurofibrils No architectural 
changes in the cerebellar cortex were noted The cells of the nuclei m the 
medulla showed little appreciable alteration 

The vascular reaction m this case was the most striking and character- 
istic change It was evidently the result of necrosis, occurring either in 
patches or zones When necrosis had proceeded slowly and was limited m 
extent, this vascular scar was firm and circumscnbed In zones of rapid 
necrosis, as m the occipital lobe, the vascular scar was incomplete and 
formed only a ragged margin to the defect left by the decadent central strip 
of cortex About some of the penetrating blood vessels m the superficial 
cortex, collections of lymphocytes were observed In the walls of the blood 
vessels and in their perivascular spaces, globules of fat and yellow lipoidal 
pigment were found 

The neuroglial reaction to the degenerative process depended upon the 
local situation The astrocytes were increased m number m the subpial 
glial layer, particularly where extensive necrosis of the cortex had taken 
place Elsewhere the astrocytes were increased m the superficial cortical 
layers, transformation from the protoplasmic to the fibrous type having 
taken place Fibrous astrocytes were also found to be strongly proliferated 
below the firm patchy vascular scars extending as an incomplete and 
irregular zone of gliosis into the underlying white substance 

The microglial reaction was unusually prominent m the necrotic areas, 
all transitional forms leading to the formation of fully developed phagocytes 
being present In the white matter underlying the cortex the ohgo- 
dendrogha were increased m number, particularly about the blood vessels, 
and these cells showed advanced stages of acute swelling 

Comment A study of the cerebral tissues in this case was an 
unusual privilege, since it presented the changes occurring after an 
interval of 26 days A later stage of variable degrees of necrosis 
was likewise illustrated The phagocjhosis of entire “calcified” nerve 
cells was an unusual and interesting phenomenon 

From a clinical standpoint, the possible relationship of alcoholism 
to asphyxia after nitrous oxide anesthesia is of interest Alcohol is 
supposed to produce its effects by an interference with oxidation 
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processes in the brain and a predisposition to cerebral anoxia may 
possibly be attnbuted to alcoholism 

Case JO Nilrous oxide aneslhesta for resection of fallopian tube (ectopic 
pregnancy) Incomplete recovery with residual parkinsonian syndrome 
Survival ivith mental defect Committed to a mental hospital 

A 30 year old married white woman was admitted to the Obstetrical 
Service o£ Dr Lyle G McNeile at the Los Angeles County General Hospital 
in a state of shock on August 21, 1931 A ruptured fallopian tube con- 
taining an ectopic pregnancy was resected 4| hours later under mtrous 
oxide-oxygen ether anesthesia As the abdomen was being opened, the 
respirations suddenly ceased and were resumed only after a period of 
10 to 12 minutes of energetically applied artificial respiration Although 
the respiratory movements finally became strong and regular, the pulse 
remained feeble and irregular 

The patient subsequently developed a definite parkinsoman syndrome 
and marked mental impairment, ultimately requiting hospitalization in a 
mental hospital A more complete history of the mental changes will be 
reported in another contnbution dealing with the psychosis following 
nitrous oxide anesthesia 

Comment This case, the first m our series to survive the cerebral 
insult following nitrous oxide anesthesia, presents a number of inter- 
esting aspects A period of temporary improvement after the first 
period of coma, as seen in other cases of the senes, led the writer 
to beheve that recovery might occur Chnically, the lesion seemed 
to be one of advanced degeneration of the basal ganglia 
The following case is also of interest, m that we have from a sub- 
jective viewpoint, the story of a patient who passed through an 
episode of cerebral anoxia and lived to tell the story 

Case II Residual lenticular syndrome in a patient surviving an anoxeniic 
episode after nitrous oxide anesthesia eight years before 

This was the case of a negro female of 27 years, who was admitted to the 
Los Angeles County General Hospital on September S, 1932 with the 
complaint of pam in the lower abdomen and vaginal bleeding The 
condition cleared up spontaneously after a few days The writer was called 
m consultation because of the patient’s idiotic facial expression 

When the history had been gone into, it was learned that eight years 
before, Tebruary 1924, in this insUtution she had been operated upon for an 
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acute appendiatis She told her physician at the time that her heart was 
“weak” and a mtrous oxide-oxygen anesthesia was decided upon She did 
not regain consciousness thereafter for a penod of unknown length, probably 
a number of days She learned afterwards that she had been deeply coma- 
tose for three days and later had generalized convulsions After recovermg 
consciousness she was totally blind and it was three months before she was 
able to see She was also completely aphasic (motor) and was not able to 
make herself imderstood until six months later Since leavmg the hospital 
the patient developed purposeless movements and tremors and experienced 
drawing sensations m the left thigh and back The limbs became ngid and 
contracted, and the patient was unable to walk 

On exammation the patient was found to have the facial expression of a 
feeble imnded person and a slow hesitant speech. She was easily amused 
and episodes of involuntary laughter frequently occurred The pupils were 
equal, regular, and reacted to light and accommodation The optic disks 
were small and somewhat pale with narrow streaks of exudate along the 
vessels, especially on the left No nystagmus or palsies of the extraocular 
muscles were observed The deep reflexes were universally increased with 
no detectable tendency to lateralization The great toes were m a constant 
position of dorsiflexion Athetoid movements of the entire body were 
associated with a spastic rigidity of the extremities There was an atrophy 
of the small muscles of the hands Aside from a persistent strongly positive 
Kahn test of the blood, laboratory tests were essentially negative 

The patient was observed for some days and discharged to her home on 
October 9, 1932 

Comment It was of interest to get a story in this case of the 
patient’s own experience with the disabling effects of cerebral anoxia, 
difl&cult though it was to secure it. It was unusual that complete 
blindness, presumably cortical, could dear up practically completely 
after a period of three months The residual symptoms were charac- 
teristically those of injury to the extra-pyramidal system 

Case 12 Nitrous oxide-oxygen-ether anesthesia for repair of perineal 
laceration after precipitate delivery Cyanosis and respiratory failure 
Generalized convulsions followed by state of restless delirium Recovery after 
transient aphasia, apraxia and visual disturbances 

A colored woman, 30 years old, was admitted in labor to the Obstetrical 
Service of Dr Edmund Lazard at the Los Angeles County Hospital on 
April 4, 1934 She gave a history of nausea up to the seventh month and of 
dizziness, headaches and visual disturbances during this, her third preg- 
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nancy A precipitate delivery, resulting m a second degree laceration, 
occurred seven hours after admission One hour later a nitrous o-ude- 
oxygen (90 10) anesthetic was begun, but because patient fought the anes- 
thetic, ether was also used (85 IS 1/4) About 15 minutes later the patient 
suddenly stopped breathing At the moment the internal mucous mem- 
branes did not appear to be cyanosed If there was any change m the 
action of the heart at the time, it was not recorded Carbogen was ad- 
mimstered immediately, and after an interval of about a mmute the patient 
inhaled deeply These prolonged deep respirations contmued for several 
minutes, gradually retunung to the normal rate and regular rhythm The 
amplitude continued to be deep A few minutes later generalized convul- 
sions made their appearance The blood pressure at this time was 100/68 

The patient remained in a comatose state after the convulsions and a 
generalized increase m muscle tone assoaated with bilateral pathologic 
reflexes was observed The following day the patient was found to be 
completely aphasic and m a state of restless delirium The deep reflexes 
were umversally increased, but more so on the left, assooated with a left 
Babmshi and right Gordon 

Lumbar puncture revealed a clear, colorless fluid under very low pressure 
The non protem nitrogen of the blood was 18 mgm per 100 cc Albumm, 
not present before delivery, was now found m the unne A blood count 
was entirely normal 

The patient’s condition improved rapidly so that four days later she was 
apparently normal mentally The following day she complamed of weak- 
ness in the nght arm, blumng of vision and decreased auditory acuity 
Neurological exammation two days later by Dr J M Nielsen and the 
wnter disclosed a marked apraxia of the right band After an interval of 
two days she was re exammed, and a marked limitation of the visual fields 
was found, espeaally aSecting the lower quadrants There was still some 
apraxia m the right hand The deep reflexes vvere mcreased on the right 
in the upper and on the left m the lower extremibes There were no 
pathologic reflexes The temperature rose on one occasion to 100 8° 
and the pulse to 104 (fig 18) 

She made a prompt recovery from all her symptoms and at the time of 
her discharge on April 20th, 17 days after onset of symptoms, no abnonnali- 
Ues could be found aside from a generalized increase in the deep reflexes 
When last seen in the post-natal dime five weeks later she seemed to be 
entirely well 


Comment This anesthetic acadent occurred one day after the 
one described under Case 2 The anesthetic was given by the same 
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physician and with the same machine When the nitrous oxide gas 
from the tank was analyzed and found to he normal, attention was 
directed to the machine as the possible source of the trouble The 
findings have already been discussed under Case 2 
This case is of interest as an example of cerebral anoxia with com- 
plete recovery The occurrence of a transient decrease in visual and 



Fig 18 Curves of Temperature, Pulse and Respirations in Case 12 Minimal 
Primary Rise Followed by Delayed Secondary Rise Associated with a 
Recurrence of Neurologic Manifestations Complete Recovery 


auditory acuity illustrates the strange variabihty of the latent phe- 
nomena observed in some of these cases Subsequent exammation 
may disclose late residuals which were not picked up at the tune of 
her discharge 

The following patient also recovered completely after suggestive 
S 3 Tnptoms had occurred after nitrous oxide anesthesia The cortex 
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had evidently been affected only to a minor degree, since no actual 
period of respiratory failure had occurred It is possible that the 
episode was due to other factors, the temporary and relative anoxemia 
playing but a minor r61e 

Case 13 Cyanosts and muscular rigidity during short nitrous oxide 
anesthesia for curettement Twenty-four hour period of restlessness Re- 
spiratory irregularity and vomiting Complete recovery 

The patient, a female 28 years old, was admitted to the Obstetrical 
Service of Dr Edmund hazard at the Los Angeles County General Hospital 
on June 11, 1931 with the complaint of abdominal cramps and vaginal 
bleeding of four weeks duration On the diagnosis of an incomplete 
abortion, a dilatation and curettage was performed on June 13, 1931 under 
nitrous oxide-oxygen anesthesia The patient was cyanosed and rigid at 
times during the anesthetic but no respiratory irregulanties were observed 
While being removed from the operating table she began to scream and 
continued to do so for about thirty minutes She was quieted with paral- 
dehyde administered bj stomach tube 

She was examined by the writer within an hour At the moment she was 
restless though comatose, and purposeless movements of the extremities 
were observed She could not be aroused by any form of pamful stimulus 
The temperature was 104° and the blood pressure 90/70 The pupils were 
small and reactionless to light A spontaneous vertical and horizontal 
nystagmus was present A pecuUar staring sightless gaze occurred at 
intervals, associated at times with a conjugate deviation of the eyes to the 
right When the head was placed m a neutral position, there was some 
tendency for it to deviate to the left The deep reflexes were sluggish but 
equal Aroughout A bilateral Babinski, Chaddock, Oppenheim and 
Gordon were associated with a bilateral unsustamed ankle clonus The 
superficial abdominal reflexes were abolished 

The patient later became more quiet and shortly regained consciousness 
She vomited on several occasions After a short febrile penod, due prob- 
ably to uterine mfection (fig 19), she became enUrely well She was 
discharged on June 20, 1930 When last heard from, there was no evidence 
of cerebral affection 

Comment Were it not for the indisputable neurologic manifesta- 
tions, one might be incbned to attribute tlie episode described above 
to any one of a number of causes The presence of cyanosis and 
ngidity pointed to some difficulty with the anesthetic A note on 
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the patient’s record by the chief anesthetist, Dr Hessig, stated that 
in all the cases in which nitrous oxide had been administered m that 
particular surgical dinic, cyanosis and lack of muscular relaxation 
had occurred, llus suggested the possibility that it was the nitrous 



Fig 19 Curves of Temperature, Pulse anu Respirations in Case 13 Minimal 
Primary Rise in Temperature Probably Anoxemic in Origin Secondary Rise 
Due to Pelvic Infection Complete Recovery from Neurologic Symptoms 
IN 24 Hours 

oxide that was at fault Had some other factor intervened to cause 
temporary cessation of respirations, a full blown case of cerebral 
anoxia would likely have resulted * 

’ UTiile this study has been m progress, a discussion with other physiaans about the 
problem has brought to light a number of other instances of asphyxial manifestations 
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clinical considerations 


Since the majority of the cases m this series presented a more or 
less characteristic clinical picture, the manifestations may be divided 
into fairly well defined stages or periods For purposes of con- 
venience they may he designated as (a) prodromal stage, (6) a not 
invariable stage of respiratory or respiro-cardiac crisis, (c) stage of 
immediate reaction, and (d) a stage of apparent incomplete or com- 
plete recovery In the fatal cases, (e), a terminal stage will be 
described 

The stage oj prodromal mamfeslatmts is frequently but not con- 
stantly present Since minor asphyxial manifestations occur occa- 
sionally in patients under nitrous cade-oxygen anesthesia, the pres- 
ence of such symptoms in patients who ultimately present serious 
symptoms is of uncertam significance Since they are not invariably 
present, asphyxial symptoms preceding the actual onset of major 
cerebral phenomena, m some instances at least, may be coinadental 
The prodromal manifestations observed in the 12 cases m which the 
story of the anesthetic penod was available, were cyanosis and respir- 
atory irregularity Muscular twitchmgs, described by some as early 
anoxemic symptoms, were not observed 
Cyanosis was observed during the anesthetic in 4 of the 12 cases 
(Cases 1, 2, 3 and 13) In Case 13 cyanosis was associated with 
muscular rigidity, both symptoms cleanng up promptly when an 
airway was put in place In 3 cases respiratory uregularifies were 
noted, complete cessation for 2 minutes in Case G, prolonged slow 
expiratory phase in Case 7 and deep irregular respirations in Case 8 
In two cases (Cases 2 and 12), as though apprehensive of an impend- 
ing tragedy, the patients fought the anesthetic, and ether was added 
to assist m hastcnmg anesthesia In 4 cases (Cases 4, 5 and 10) the 
first symptom was the sudden respiro-cardiac failure In Case 9 the 
patient failed to regain consaousness after removal of the mask, 
convulsive seizures later becommg manifest ’ 

The stage of respiratory and cardiac crisis is likewise not invanably 
present and presents some defimte variations in the senes of cases 


vruh mtrom ondc. Kiese cases have not been mconwrated in this study since lie 

^\nter had no direct clinical contact With them. TK^ e * * «« 

suggestive of a psychoneurosis or actual psychosis was rath ° ° 

phase of problem odl be made the subje.^ of a “rtle“ sTudy ” 
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studied In 8 out of 12 cases in wHch the anesthetic history is 
known, respiratory failure signaled the onset of the anoxemic state 
In some instances spontaneous respiration did not recur for as long 
as 20 minutes (Case 5) The exact length of this period is not always 
clearly determmed, since artificial respiration was being administered 
in all cases In 4 of these cases there was temporary cardiac failure 
as well, and in 2 others the heart beat was very rapid and weak and 
could scarcely be detected with the stethoscope In instances of 
cardiac failure, there is an expected drop m blood pressure Durmg 
this interval it may drop to zero 

There is no constant relationship between respiratory and cardiac 
failure As already stated, the heart beat may be strong and regular 
during the period of apnoea It may be rapid and weak or absent 
altogether The heart recovered first, where any difference had been 
noted (Case 5) Cardiac failure has been present invariably in the 
cases in this series when respiratory failure has been longer than 
momentary in duration This, however, may not always be true 
A prolonged circulatory failure must accentuate any existing cerebral 
damage, a matter to be considered in a later section. 

In 4 cases there was no recognized cessation of respiration or car- 
diac action. In such instances the patient failed to regain conscious- 
ness after withdrawal of the anesthetic Convulsions usually super- 
vened within an hour In the case of Yaskin (37) and that of Savage 
(38) no failure of respiration or circulation was recorded 

The stage of immediate reaction is characterized by the appearance 
of spontaneous respiration The respiratory movements are at times 
shallow, gasping or jerking in character In other instances they may 
be labored or stertorous m character In still other instances the 
movements are slowed and deep In the majority of cases studied 
the respiratory rate was defimtely slowed, although immediately after 
the crisis it was increased at times (Case 5) Respirations are fre- 
quently irregular and jerky, especially when the excursions are 
shallow 

Irregular respiratory action may contmue for a number of hours 
(Case 5) or even throughout the period of survival (Case 4), at tunes 
of a typical Cheyne-Stokes type The so-called “periodic” alterna- 
tion described in other types of anoxemia was not observed in any 
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of the cases coming under personal observation There was an in- 
crease in rate and decrease in amphtude of the respiratory movements 
during extensor spasms which were so frequently observed 
The pupils, which are often dilated during the crisis, now assume 
their normal size At times they may be slightly unequal The 
temperature is usually elevated durmg this interval and perspiration, 
especially about the face and neck may be excessive This immediate 
nse of temperature after the cnsis suggests a central disturbance of 
heat regulation 

In those cases which are to terminate fatally or to have senous 
residual manifestations, a state of deep coma is usually present, from 
which the patient cannot be aroused In patients who recover 
within a short time, coma may be present in varying degrees, al- 
though at times the patient presents hysterical or maniacal manifes- 
tations (Case 13) In Savage’s case (38) an alcoholic woman who pre- 
sented a delirious state after anesthesia ultunately became demented 
The period of apparent or actual recovery occurs after 24 hours m 
almost all patients surviving more than 48 hours In those with 
shorter survival periods it may not be obvious, particularly when 
compheatmg factors are present (Cases 1 and 2) In Came’s first 
case (35) definite improvement was noted after 7 hours, although 
the patient died 17J hours after anesthesia While no definite rule 
can be laid down, the earlier and more definite the signs of recovery, 
the better the ultimate prognosis ‘ 

Unfortunately, improvement m the patient’s condition is often 
short-lived and misleading, and a good prognosis made because of it 
IS usually a mistaken one The promptness and extent of the early 
improvement gives some estimate of the ultunate prognosis, although 
at tunes almost complete recovery may occur m patients who even- 
tually die (Case 2, Case 9, Came (35) ) The evidences of improve- 
ment in patients with short survival periods are the occurrence of 
voluntary movement, restlessness, an maeased response to external 
stimuli, resumption of a quiet, regular respiratory rate and a drop in 

< The group of cases recoienng compIeteZy after a few hours of coma or lethargy have 
been described m the secUon on "Toncology " As a rule the paUents m this group 
fad to regam consciousness after the anestheUe Convulsions usually ensue withm 
a short whde, although complete recovery often occurs withm a few hours. 
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temperature The persistence of coma and of motor manifestations 
during the second and third days are ominous ® 

The terminal stage in those cases with a short survival period pre- 
sents certain characteristic manifestations There is an invariable 
hyperthermia, usually a result of a gradually rising temperature 
At times, however, there is a rather abrupt pre-termmal rise in tem- 
perature, as was noted in the cases of Came (Case 1 (35)) and Glynn 
(36). Perspiration is often profuse A concomitant rise in pulse 
and respiration rate is also present The centers of control for car- 
diac and respiratory action at times begin to fail appreciably before 
death, as indicated by a fall m pulse and respiration rates (Cases 1 
and 5) In Case 4 death seemed to be the result of acute asphyxia, 
since gasping for breath was present until demise In other instances 
Chejme-Stokes respiration occurs (Case 5) A generalized flaccidity 
with loss of all reflexes usually succeeds the hypertonic muscular 
state An interesting exception is found m Case 3, m which convul- 
sions were noted within 3 hours of death They had been unusually 
persistent throughout the short survival period 

Death may be due to other factors than the cerebral lesion Fulmi- 
nating bronchopneumonia and the effects of asphyxia on the heart, 
hver and kidneys, perhaps play an important part in bringing about 
the fatal issue. In Case 8 a coinadental septicemia resulted m the 
patient’s death after an apparent recovery from the anoxemic state 

In the patients who survive a severe cerebral insult, the residual 
symptoms usually fall mto one or more of three groups In the case 
of Savage (38) and Case 10 of this series, mental deterioration was 
the outstandmg manifestation Some mental loss was also observed 
in Caine’s second case (35) In Caine’s third case (35) and in Cases 
9 and 11 of this series athetoid movements were present In Case 
10, m addition to the mental defect, a parkinsoman state was also 
present A marked visual defect was noted m Caine’s third case (35), 
and in Case 9 These manifestations suggest that various portions 
of the brain may sustain the brunt of the anoxemic insult, an impres- 
sion which pathologic findmgs seem to bear out 

‘The persistence of coma dunng this interval is not an absolute sign of impending 
death For example, Willett (39) recorded recovery m a patient nho remamed “prac- 
tically asleep” for 4 days after nitrous oxide-oxygen anesthesia 
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In addition to a cursorj’ survey of the various stages of the anoxe- 
niic process, a study of the individual cerebral manifestations is also 
in order A note on the laboratory' fmdmgs in these cases iviU also 
be appended 

M eitlal and emohonal niantfeslalions The mental phenomena may 
be classified as early and late The early manifestations are those 
found in the acute stage, the late ones occurring as residuals m those 
that survive the original cortical injury Of the early manifestations 
coma IS the most characteristic and is almost invariably present 
Exceptions occur in rare instances in which a maniacal or dchrious 
state occurs Even tlicn coma may follow for a variable interval 
Immediately after the rcspiro cardiac crisis coma is profound and 
nothing can arouse the patient from it This deep coma may persist 
with imnor variations until death ensues (Case 6) It may be suc- 
ceeded by other mental states (Cases 8, 9 and 11) or it may be fol- 
lowed by transient or permanent recovery (other cases in senes) 
The more quickly and completely the return to consciousness the 
better the prognosis If deep coma persists for four days, the prog- 
nosis IS very grave In fatal cases the coma again deepens before 
exitus The depth of coma is an excellent indication as to the extent 
of depression of cortical function 

In less serious cases, a state of delirium or mama may occur just 
after the withdrawal of anesthesia Reference to such occurrences 
has already been made Hewitt (31) states that hysterical outbursts 
and transient halluanatory states may follow admmistration of 
nitrous oxide In Yaskin’s case (37) emotional outbursts were de- 
senbed after a period of coma, and in Savage’s case (38) anesthesia 
was followed by dehnum In Case 9 a period of coma was followed 
by dehnum, due very likely to a developing septicemia In Case S 
the patient, a young negro boy, cried out at intervals when coma 
became less deep In Cases 7 and 13 involuntary laughing and cry- 
ing were noted when the patients became more consaous 
Residual mental changes are evidently the result of extensive 
cortical degeneration In Case 9, after regammg consciousness, the 
patient acted as though drunk He presented a vacant staring look 
and his speech was thick At times there were spells of screaming 
and grinding of his teeth He became more irrational and again 



192 


CYRIL B. COIIRVILLE 


temperature The persistence of coma and of motor manifestations 
during the second and third days are ominous ® 

The lermmal stage in those cases with a short survival period pre- 
sents certain characteristic manifestations There is an invariable 
h 3 ^erthermia, usually a result of a gradually rismg temperature 
At times, however, there is a rather abrupt pre-terminal rise in tem- 
perature, as was noted in the cases of Caine (Case 1 (35)) and Glynn 
(36). Perspiration is often profuse A concomitant rise in pulse 
and respiration rate is also present The centers of control for car- 
diac and respiratory action at times begin to fail appreciably before 
death, as mdicated by a fall in pulse and respiration rates (Cases 1 
and 5). In Case 4 death seemed to be the result of acute asphyxia, 
since gasping for breath was present until demise In other instances 
Cheyne-Stokes respiration occurs (Case 5). A generahzed flaccidity 
with loss of all reflexes usually succeeds the hypertonic muscular 
state An interesting exception is found in Case 3, in which convul- 
sions were noted within 3 hours of death They had been unusually 
persistent throughout the short survival period 

Death may be due to other factors than the cerebral lesion Fulmi- 
nating bronchopneumoma and the effects of asphyxia on the heart, 
hver and kidneys, perhaps play an important part m bringing about 
the fatal issue In Case 8 a comadental septicemia resulted m the 
patient’s death after an apparent recovery from the anoxemic state. 

In the patients who survive a severe cerebral insult, the residual 
symptoms usually fall mto one or more of three groups In the case 
of Savage (38) and Case 10 of this senes, mental deterioration was 
the outstandmg manifestation Some mental loss was also observed 
m Caine’s second case (35) In Came’s third case (35) and in Cases 
9 and 11 of this series athetoid movements were present In Case 
10, m addition to the mental defect, a parkinsonian state was also 
present A marked visual defect was noted m Caine’s third case (35), 
and in Case 9 These manifestations suggest that various portions 
of the brain may sustain the brunt of the anoxemic insult, an impres- 
sion which pathologic findings seem to bear out 

' The persistence of coma dunng this interval is not an absolute sign of impending 
death For example, Willett (39) recorded recovery in a patient who remamed “prac- 
tically asleep” for 4 days after nitrous oxide-oxygen anesthesia 
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In addition to a cursory survey of the various stages of the anoTc- 
mic process, a study of the individual cerebral manifestations is also 
m order A note on the laboratorj' findings in these cases will also 
be appended 

Mental and emtionol mamjestatmts The mental phenomena may 
be classified as early and late The early manifestations are those 
found in the acute stage, the late ones occurring as residuals m those 
that survive the original cortical injury Of the early manifestations 
coma is the most characteristic and is almost invariably present 
Evceptions occur in rare instances m whidi a maniacal or dcUnous 
state occurs Even then coma may follow for a variable interval 
Immediately after the rcspiro-cardtac crisis coma is profound and 
nothing can arouse the patient from it This deep coma may persist 
with minor variations until death ensues (Case 6) It may be suc- 
ceeded by other mental states (Cases 8, 9 and 11) or it may be fol- 
lowed by transient or permanent recoicrv (other cases in senes) 
The more quickly and completely the return to consaousness the 
better the prognosis If deep coma persists for four days, the prog- 
nosis IS very grave In fatal eases the coma again deepens before 
exitus The depth of coma is an excellent indication as to the extent 
of depression of cortical function 


In less serious cases, a state of dclinum or mania may occur just 
after the withdrawal of anesthesia Reference to such occurrences 
has already been made Hemtt (II) stales that hysterical outbursts 
and transient haUuanatorj states may foUov. admmistraUon of 
nitrous oadc In Yaskm's case (37) emotional outbursts were de- 
scribed after a penod of coma, and in Savage’s case (38) anesthesia 
was 0 owe y dehnum In Case 9 a period of coma was follow cd 
by delirium, due veiy lAely to a dcvelopmg septicemia In Case 5 
the patient, a young negro boy, cned out at intervals when coroa 
e me ess eep In Cases 7 and 13 involuntary laughing and cO * 

'"iriduT"^ f more consaous 

patient arte^ugh dru^ 

and his speech was tWl 7. , Presented a vacant s 

an*, or r»tl 



194 


CYRIL B COTJRVILLE 


sank into coma before his death, 26 days after anesthesia In Case 10 
the patient became demented and was committed to a mental hos- 
pital asylum In Case 11, after 8 years, the patient presented in- 
voluntary laughter and a childish mentahty Ultimate insanity has 
been described by Hewitt (31) and Savage (38) 

Motor mamjestaiions The motor manifestations following anoxe- 
mia of nitrous oxide origin, point to involvement of the pyramidal, 
extra-pyramidal and coordmatmg systems The pyrmitdal tract 
signs vary, depending upon the time of examination Immediately 
after the crisis under nitrous oxide, bilaterally mcreased deep reflexes, 
pathologic reflexes and ankle clonus are present The superficial 
reflexes are absent and do not return in patients soon to die They 
may reappear as the stupor lessens Irritative motor manifestations 
soon appear, usually within 1 to 2 hours Convulsive seizures, 
usually generalized, though at tunes appearmg first on one side, are 
most common.® They may persist in spite of sedation until the time 
of death (Case 3), in which case they may be a contributing factor 
to the fatal issue (exhaustion). Generalized rigidity occurring par- 
ticularly as extensor spasms is also common These spasms may be 
associated with generahzed convulsions or may occur without them 
The conchtion was present in 7 of our cases These extensor spasms 
gave rise to a picture of decerebrate rigichty, suggestmg a lesion of the 
midbram 

The patient who has been in a state of coma and has presented little 
voluntary motor activity, suddenly becomes ngid in extension This 
rigidity may be generalized, affect the extremities on one side or the other, 
at times altematmg between the two, or affecting but one group of muscles 
Local twitching movements may occur The hands may assume a tetamc 
position and a Magnus-de KJeiJn phenomenon may be elicited The pupils 

® Convulsive seizures are by no means mdicahve of a fatal outcome in cases of anoxemia 
due to nitrous oxide, although it proved to be so in most of tbe cases in the senes As 
has already been shown m a previous sechon, convulsive seizures, particularly m chil- 
dren, may be followed quite promptly by recovery They have been believed to be of 
anoxemic ongin by other observers (Clement (30), Hewitt (31), Rood and Webber (32)) 

The lateralizmg aspects of certam of these motor phenomena (unilateral convulsions 
and conjugate deviation of the head and eyes) may delude the dmical observer mto a 
diagnosis of a focal lesion It will be shown that the cortical injury is by no means 
generalized or even symmetncal, and that irregulanties m laterabzmg phenomena should 
occur IS not surprising 
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dilate, respirations become faster, shallower and often irregular, the pulse 
rate becomes more rapid The blood pressure is somewhat elevated The 
face may become flushed After a few moments the muscular rigidity 
abates, the respiration and pulse rate become slower, tlie pupils contract 
and the patient resumes his former status 

Deviation of the head and eyes to one side or the other was noted 
in S cases Fibrillary twitchings were also noted at times In Case 8 
fibrillary twitchings of the tongue and jaw were of unusual interest 
Generalized spastiaty and contractures were noted in Case 11 as 
a late residual condition assoaated with athetoid movements, invol- 
untary laughter and a childish mentality 
Extrapyramtdal signs As proven by postmortem studies, the 
corpus striatum and in particular the lenticular nuclei are at times 
the seat of degenerative changes Clinical evidence of striatal disease 
becomes particularly evident, however, in those patients who survive 
the early days of cerebral damage In Case 9, for example, a man 
who survived the anesthetic for 26 days presented irregular and un- 
controlled movements of the extremities Athetoid movements were 
present also in Case 11, when studied 8 years after the anesthetic 
episode 

In Case 10 early manifestations of a parkinsoman state were pre- 
sented and grew progressively more marked as time went on Ulti- 
mately the mask-like, expressionless facies, the gcnerahzed ngidity 
and characteristic tremor could not be mistaken 
Incobrdtnahon as evidence of degeneration of cells of the cerebellar 
cortex was not a common observation The reasons for this are 
evident In the acute stage the patient is unable to cooperate 
Those who survive either recover promptly or develop rigidities 
which interfere with tlie usual cerebellar tests In Case 9 an alert 
observer noted definite signs of incoordination in the right arm dunng 
an interval when other motor manifestations did not conflict 
Sensory phenomena are unusual In Case 9 where mental lucidity 
permitted study dunng the longer survival period, the patient com- 
plained of a peculiar feeling of swelhng of the nght hand 
Vmtal symptoms Perhaps none of the locahzing cerebral mani- 
festations are of more mterest than the visual ones They were 
ehated, of course, only in those patients m whom sufficient recovery 
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occurred to permit the patient to describe his symptoms It was 
present in Caine’s third case (35) at the end of ten years In Case 
11 the patient was blind for three months after mtrous oxide anes- 
thesia The optic discs were paler than normal In Case 9 failure 
of vision proved to be due to extensive necrosis of the visual cortex 
Effect of anoxemia on the “vital centers ” Attention has already 
been given to the effects of the anoxemic state on temperature, pulse 
and respiration during the various stages There was usually no 
change in the blood pressure during the period of survival During 
the interval of cardiac failure the blood pressure often drops alarm- 
ingly and may not be measurable In one case (Case 7) the blood 
pressure was found to be elevated durmg labor on admission It 
remained elevated on most occasions during the survival period of 
6 days There is evidently no characteristic efiect of anoxemia on 
the blood pressure m this group of cases 

Vasomotor variations have also been observed Flushmg of the 
face, mcreased perspiration, and, as has already been intimated, the 
interrmttent occurrence of the cerebral manifestations themselves may 
be due to vasomotor fluctuation. These pecuhar attacks probably 
represent some temporary alteration in blood supply, perhaps due to 
vasomotor spasm The occurrence of such attacks mdicate grave 
damage to the cerebral cortex, and all of the cases presentmg this 
syndrome terrmnated fatally. 

Laboratory findings The spinal flmd was usually normal In 
three instances the pressure was mcreased, in Case 6 the pressure was 
250 mm the day of the patient’s death, five days after onset of cere- 
bral mjury This patient also showed a trace of globulin In Case 
3 a trace of globulin was also recorded In a patient who became 
insane (Case 10), the pressure was also elevated (not measured) 8 
days after the onset The coUoidal benzoin curve showed reduction 
in the middle tubes In Case 7 the spinal pressure was well over 
400 the day before death There is evidently no characteristic 
response of the spinal fluid to the anoxemic state, although the pres- 
sure IS frequently found to be mcreased 

The white blood count was normal in most instances In Case 1 
a leukocytosis of 19,500 of undetermined etiology was recorded 
There was no appreciable change m the red blood count or percentage 
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of hemoglobin The urine may show a high speafic gravity and 
albumin and acetone arc frequently present The percentage of 
albumin increases progressively in most instances This is to be 
explained on the basis of loncrcd fluid intake^ and to the effect of 
asphyxia on the kidney The increased sugar content of the blood 
and the presence of glycosuria as observed in some instances were 
hkely due to intravenous administration of glucose Of three fatal 
cases sunving only a feu days (Cases 3, 4 and 6) a slight elevation of 
the non protein nitrogen (44, 41 and 41 mgs per 100 cc of blood, 
respectively) uas present 

Pathogenesis of cerebral anoxia due to nitrons oxide In an attempt 
to explain the serious cerebral symptoms resulting from nitrous oxide 
anesthesia, several questions demand attention Are there predis- 
posing factors uhich favor the development of cerebral damage? 
What part do the irapunties of nitrous oxide and mechanical defects 
in Its administration play in produang these symptoms? What is 
the essential cause of the advanced and dangerous stage of anoxemia? 
What IS the mechanism of cerebral injury? 

As a preliminary step to a consideration of these questions a brief 
survey of the action of nitrous oxide is in order It seems to be 
established that while nitrous oxide has a definite narcotic action on 
nerve cells, this action is markedly accentuated by the accompanymg 
anoxemia Anoxemia under these arcumstances is of the anoxic 
type, VIZ — with a lowered tension and amounts of oxygen present in 
the blood Furthermore, the oxygen present is probably less readily 
available to the tissues because of the lowered COi tension which 
retards the breaking down of oxyhemoglobin and removes the normal 
stimulus of the respiratory center It also seems evident that the 
depth of anesthesia is dependent, not so much on the concentration of 
nitrous oxide in the blood plasma, which seems to be fairly constant, 
as on the lessened amount of oxj'gen In deep anesthesia, therefore, 
the anoxemic state approaches more or less dosely the margin of 
safety As has already been stated, the absence of cyanosis does not 
necessarily indicate the absence of anoxemia 
Predisposing factors Are there factors existing m the patient, 
either congenital or acquired, whidi favor the development of a 
critical anoxemic state? The possible aspects of the problem which 
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* History of previous anoxemic episode after nitrous oxide anesthesia — see case report. 
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Stokes respiration 
Terminal drop m res 
piration and pulse 
rates 

H>T>erthermia In 
creased respiration and 
pulse rate Tome 
slate less marked 


64 hours 


3 day's, 5 
hours 


4 days, 7 
hours 


5 days, 5 
hours 


Slow shallow resmra 
tions after anestoesia 


Shallow jerky gasping 
icspiration puUc 
slow cd 


Coma less deep after 24 
hours Restless 
emotional outbursts 


Uncertain (septicemia) 


Hyperthermia Abrupt 
pretennina) nse In res 
piration and pulse 
rates Deepening 
coma General flac- 
adity 

Uncertain Death due 
to septicemia (septic 
abortion) 


6 days, 13 
hours 


19 days 


Jerky shallow respira 
tions Pulse rapid 
dunng extensor 
spasms 


After 24 hours lira 
tional and restless 
Motor weakness 
Aimless movements 
(apraxia) Aphasia 
Blindness 


Recurrent Coma Hy- 
perthermia In 
creased respiration and 
pulse rates 


26 days 


CESESXAl UAKITESTATIONS 

CO DISC 

OUTGO 

•eiform movements Defec- 
?e mentality Diminished 
ep reflexes 

vulsions Residual coma 
atked motor aphasia Tran 
tory complete blindness i 

Seemed dear mentally after 24 hours 
Later mental enfeeWment followed 
by slight recovery for I month 
Recovery from coma after few days 
Gradual improvement for 6 months 
Condition stationaiy since 1 

Residual mental defect Parkin 
soman syndrome Committci 
to insane asylum 

Residual athetoid and choreifom 
movements Emotional insta 
bdity Mentaldefe f--allafte 
8 years 

Apparently complete recovery a 
end of 2 weeks 

idual coma Convulsions 
'eep slowed respirations, rate 
icreased later 

Improved for penod of 5 days, then re 
appearance of v'lsual and apraxia 
which remained for several days 

nsient period of coma Emo 
onal outbursts Deviation of 
ead to left Pathological re- 

Prompt improvement of all symptoms 

Complete rccoven ui 36 hours 
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need consideration in this connection may be divided into three 
groups, — congemtal predispositions (idiosyncracy, robust habitus, 
status thymicus), acquired conditions (pulmonary diseases, blood 
dyscrasias, pre-existing cerebral diseases) and disturbed reflex arcs 
(carotid sinus reflexes, reflexes from the lower abdomen) 

The problem of tdtosyncracy is perennially with us and always a 
difficult one to settle Many of the untoward reactions to drugs are 
laid at its door, whatever this term may mean In the case of nitrous 
oxide it may indicate an increased susceptibility of the respiratory 
center to its depressive effects Susceptibility to drugs in general, 
hke allergy, is characterized by the circumstance that m affected 
individuals a small dose is sufficient to produce serious symptoms 
If this analogy is carried out, idios)mcracy rmght be suspected when 
serious manifestations appeared shortly after the anesthetic was 
begun Cases of sudden death under nitrous oxide have been ex- 
plamed by some observers, (i e , Adams (21)) in this manner In but 
one case in this series can this factor be given serious consideration 
(Case 4) There was a sudden respiro-cardiac failure a few moments 
after the induction of nitrous oxide anesthesia 

Status thymicus has been blamed for sudden death under nitrous 
oxide anesthesia In the cases of sudden death described by Davis 
(20) and Owen (19) a persistent th}Tnus was found at autopsy and 
exitus was attributed to it No evidence of a persistent thymus or 
of h 5 q)ertrophied l 3 unphatic tissue was found m any of the fatal cases 
m this series It would seem unlikely that this condition would 
seriously influence the production of late symptoms referable to 
cerebral damage as described in this series of cases 

Alcoholism It has been suspected by some that alcohol favors the 
development of convulsive seizures under nitrous oxide (32) In 
Case 9 there was a history of alcohohsm, and it was thought that the 
patient had imbibed quite freely before going into the dentist’s office 
This possibility needs to be given more attention in these mstances 
In the majority of cases, however, no history of alcohohsm could be 
elicited 

Males of robust build have been considered to have some peculiar 
predisposition to develop imtoward symptoms under nitrous oxide 
anesthesia According to Rood and Webber (32) convulsions are 
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particularly apt to occur m alcoholics and m heavily built individuals 
They did not consider the possible reasons for such an eventuality, 
and the writer has nothing further to add in this regard from his 
experience with nitrous oxide anesthesia 
Influence of disease In order for disease of itself to influence the 
course of anesthesia, it must logically affect those systems directly 
concerned in anesthesia, viz — the lungs, heart, blood or brain 
Reference has already been made to the influence of pulmonary condi- 
tions on anoxemia Any condition which reduces the volume of the 
lung available for aeration of the blood obviously favors the develop- 
ment of anoxemia It is noteworthy that in three of the fatal cases 
pulmonary lesions were present (Case 1, pulmonary abscess. Case 5, 
pulmonary tuberculosis. Case 7, pulmonary embolism) It is evi- 
dent, however, that other causes must co exist since nitrous oxide 
has been administered to many patients with pulmonary conditions 
without any untoward effects whatever 
The influence of heart disease in the production of anoxemic states 
has been given little attention insofar as nitrous oxide is concerned 
Haveman (17) and Ramsey (18) have observed that acute dilatation 
of the heart is frequently found at autopsy after sudden death under 
nitrous oxide anesthesia during operations on the thyroid gland 
Thyrotoxicosis may be a predisposing factor in these cases It seems 
unlikely that cardiac disease is per sc an important factor m the pro- 
duction of the anoxemic state It is possible that a pre-existing myo- 
cardial weakness might be aggravated by anoxerma Only in one 
case (Case 11), and in that an mdefimte one, was there history of 
cardiac trouble This patient recovered with residual manifestations 
When anemia of any serious degree is present, one type of anoxemia 
IS produced In this type, owing to a decreased amount of available 
hemoglobin, less oxygen is earned in the blood Since the oxygen 
tension is normal, tissue oxidation is maintained as long as too great 
demands are not made upon this supply However, if the anoxic 
type of anoxemia be superimposed on the anemic type, serious symp- 
toms might easily occur In Case 6, the anoxemic state may have 
been favored, m view of the excessive mtra-abdominal hemorrhage 
inadent to the ruptured tubal pregnancy 
As to cerebral disease being a predisposing factor to anoxic cortical 
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degeneration, nothing definite is known It is quite generally ac- 
cepted that nitrous oxide can safely be given in the presence of a focal 
cerebral lesion, even in operations for tumor of the brain The only 
type of cerebral lesion hkely to predispose to anoxic changes would be 
a diffuse lesion of the smaller blood vessels, as m some instances of 
arteriosclerosis or m syphihtic endarteritis 

As to reflex effects predisposing to anoxemic states, two possibihties 
need be considered It has been found that reflexes from the carotid 
sinus defimtely mfluence the respiratory center ^ Respiratory and 
cardiac failure may result from a disturbance of this reflex It was 
on this basis that Downs (22) assumed that sudden death tmder 
nitrous oxide imght be the result of a perverted reflex due to its direct 
action on the sinus or on the nervous system He warned against 
local pressure at the angle of the jaw This theory noight explain 
sudden death under this anesthetic in instances of focal lesions in the 
neck, such as an abscess, as reported by Dent (23). Whether the 
respiro-cardiac failure observed in the cases m this series was due to 
a disturbed sinus reflex is not dear, and the question demands further 
study 

It is of interest to note that a number of patients demonstrating 
senous anoxemic manifestations were being operated upon for some 
pelvic disease (7 of 13 cases) While this is probably only a coinci- 
dence, the possibihty of some disturbed reflex should be considered 

Factors of anestliesia hi the production of anoxemia The anoxeimc 
state which is an mtegral part of nitrous oxide anesthesia may be 
accentuated to a dangerous degree by any one or more of a ntunber 
of factors In a consideration of anoxemia following the use of gen- 
eral anesthetics, Evans (41) states that obstruction of the upper 
respiratory passages, diseases of the heart or lungs, abdominal dis- 
tention, hemorrhage or central nervous depression (as depressing 
effects of preanesthetic drugs or of the anesthetic itself) may be the 
cause of postanesthetic anoxemias A number of these factors have 
been considered m other coimections Only those which are mti- 

" It has been Laown for some tune, for example, that section of the nen’es about the 
carotid smus m experimental animals, frequently resulted in sudden death It is behev ed 
that impulses from the smus are transmitted by the vagus to the respiratory center and 
assist in the maintenance of activity of the center Removal of these impulses have 
been considered as the cause of death in such instances (40) 
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mately assoaated with nitrous oxide itself and its administration 
will be considered here 

The possibihties of tvtpunltes of mtrem oxide as a cause of anoxemic 
manifestations has been given little or no attention m recent years 
With improved methods of manufacture and storage, the question of 
purity of the gas has been left quite largely m the hands of the manu- 
facturer In the past attention has been drawn to such impunties as 
chlorides and oxides or to more complex compounds, as hydrazins 
and hydroxylamms (42) More recently Chaney and Lombard (43) 
developed a new method for analysis of nitrous oxide Utilizing this 
method. Chancy (44) found that in tanks of nitrous oxide which had 
produced serious cerebral manifestations, an excess of inert nitrogen 
was present In the cases which have come under my personal at- 
tention, nitrous oxide from the tanks which produced anoxemic 
symptoms was found in two mstanccs to contain an excess of inert 
nitrogen This should be thought of as one of the possible factors in 
cases of cerebral anoxia 

Defects tn tlie apparatus may also be a source of trouble When 
looking for a possible clue to the difficulty m two cases which imme- 
diately succeeded one another, the gas from the tank used was ana- 
Ijzcd without finding any impurities The apparatus was then ex- 
amined by measurmg the percentages of nitrous oxide and oxygen 
at various indicated levels It was found that 100 per cent nitrous 
oxide might be dehvered when the dial registered 90 per cent As 
much as 90 per cent mtrous oxide was dehvered at points indicating 
50 to 90 per cent Examination of the apparatus itself disclosed a 
shortening through wear of the plunger in the needle valve controlling 
the flow of mtrous oxide Examination of another machine after a 
similar episode disclosed the fact that in the higher concentrations, 
less than the registered amount of gas was bemg dehvered, while m 
the lower concentrabons the reverse was true The possibilities of 
mechanical defects must be considered when old and possibly worn 
machines have been used , 

Poorly trained anesthetists, or perhaps more accurately stated, indi- 
viduals without framing or unfamiliar with the apparatus used, may 
be responsible for senous untoward results Since nitrous oxide and 
machines for its admmistration have become so perfected as to make 
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them almost “fool-proof,” the warning of older anesthetists as to the 
potential dangers of this anesthetic have been to some extent disre- 
garded Fortunately, anesthesia has become a science in itself and 
in a well regulated hospital the patient has little to fear, and it is 
likely that but few cases of cerebral anoxia can be attributed to in- 
effiaency or carelessness on the part of the anesthetist The tragedy 
may occur in the hands of a skilled and conscientious physician when 
the proper combination of factors exists Each case must stand as 
a law unto itself, and even an approximate conclusion can be reached 
only when all possibilities have been given due consideration 

The effects of obstruction of the upper respiratory passages, as com- 
monly experienced when the tongue drops back to occlude the phar- 
ynx, is so famihar as to preclude discussion The interference with 
oxygen supply in this way might be a contributing factor in the pro- 
duction of anoxemia It is probably of doubtful mfluence in the 
production of senous s3miptoms In only one case (Case 13) was 
note made of this experience This patient recovered completely. 

The cause of pathologic anoxemia in nitrous oxide anesthesia From 
the study of this series of cases and of those reported in literature, 
it seems evident that not all instances have a sumlar mode of develop- 
ment The factors which must be thought of are so numerous that 
an exact analysis of any given case is extremely difficult The cases 
divide themselves into two groups in so far as the onset of symptoms 
is concerned In the first group there is a sudden onset of respiratory 
and heart failure, or respiratory failure alone, occurring at a vanable 
interval after the beginning of anesthesia In the second group, the 
patient fails to regain consciousness after anesthesia, few or no sug- 
gestive symptoms having occurred before that time 
The cases fallmg in the first group are the ones most commonly 
observed, and in this group the anoxemic state is the easiest to ex- 
plain The patient under nitrous oxide anesthesia is already under 
the influence of an anoxic anoxemia The oxygen saturation becomes 
less and less as the deeper stages are reached When there is a 
sudden respiratory and cardiac failure, two further serious factors 
become present Until artificial respiration is resorted to, there is 
no additional supply of alveolar oxygen available, although the 
respiratory exchange m the Iimgs continues Furthermore, because 
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the arculation has failed, an clement of stagnation is superimposed 
The narroiv margin of available oxygen is promptly exhausted and 
the body tissues are exposed to the effects of serious oxygen want 
Since the cerebral tissues have so active a rate of oxygen consump- 
tion normally and are so susceptible to a lack of it, it is easy to see 
why the cerebral damage is so extensive 
If the respiration alone fails, the oxygen saturation of the blood is 
reduced to a dangerous level The blood scrum overcharged with 
nitrous oxide continues to exert its malignant effect upon the nerve 
cells already depressed to the Iinut 

It IS necessary in this connection to pause long enough in our story to 
enquire what the cause of the respiratory and cardiac failure might be 
There is no direct evidence available which can be used to answer the ques- 
tion There are two possibilities which may be thought of, — (1) the effect 
of an increasing anoxemia on the respiratory and cardiac centers, and (2) 
the influence of pulmonary embolism, which in some instances may play an 
important rdle in this connection 

It has long been known that the respiratory center is much more sus- 
ceptible to the accumulation of COj than it is to a lack of oxygen, and that 
under such circumstances there is a marked increase in the depth of breath- 
ing, but only a moderate increase in frequency On the other hand anoxe- 
mia produces a marked increase in frequency but only a moderate increase 
in depth of breathing This increased respiratory rate removes much of 
the usual amount of CO,, the source of stimulus to the center As breathing 
becomes shallower and more frequent the state of anoxemia deepens and a 
failure of the respiratory center is threatened (45) 

If this situation occurs under nitrous oxide, the respiratory center fads 
When this happens, the state of anoxemia immediately becomes accen- 
tuated and lethal damage to the cerebral cortex may occur before normal 
respiration is established One expenence which strengthens this hypothe- 
sis IS the prolonged interval during which artificial respiration is required 
in some instances For example, in Case 5, it was necessary to give artificial 
respiration for 20 minutes This indicated a marked fatigue of the respira- 
tory center The shallow respiratory movements observed m some cases 
after crisis is also evidence of fatigue of tlie center (Cases 4, 5, 8 and 9) 
There is some evidence obtained by animal experimentation concerning 
cardiac failure which sliould be examined 

Early investigators m studying the effects of anoxemia on the heart 
and arculation found that in spite of an accelerauon of the pulse rate 
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there was a definite lowenng of the minute output of the heart (46). The 
acceleration of the heart beat was especially marked m sudden and severe 
anoxemia Harrison and his collaborators (47) have concurred m this 
conclusion They observed that the minute output was affected to a 
marked degree as anoxemia increased They felt that this effect was due to 
the lowered oxygen tension in the heart muscle, a chemical rather than a 
nervous response Resnik (48) found that anoxemia slowed conduction 
withm the atno-ventncular bundle and the heart muscle, and increased the 
sensitiveness of the smo-auricular node, thus favonng but not causing 
auncular and ventncular fibrillation 

While most mvestigators have believed that the effects of anoxemia on 
the heart were due to lowered oxygen tension in the myocardium, Van Liere 
and Crisler (49) found that vagotonic effects were produced in acute anoxe- 
mia which favored cardiac dilatation 

The effect of pulmotuiry embolism in the production of respiro-cardiac 
failure and on the already existant anoxemia needs a word of discussion 
In the first case we encountered (Case 5) a large embolism was lodged at 
the point of bifurcation of the pulmonary artery m the right lung 

The question then arose as to the influence of this embolism m producing 
the clinical picture The disorders of respiration and cardiac action follow- 
mg occlusion by embolus of the larger vessels are well known. In fact death 
in such instances is attnbuted to cardiac failure, whatever be its mechanism 
As a result of expenmental ligation of the pulmonary arteries, Underhill (50) 
found that there was a tendency for the blood to become unsaturated with 
oxygen and jissumed that the immediate and residual symptoms of pul- 
monary embolism were probably due to anoxemia This seems to be 
confirmed by the studies of Binger, Braw and Branch (51) who found that 
the tach 5 q)nea following obstruction of the larger arteries was due to 
anoxemia, which m turn was due to an interference with the blood flow to 
the lungs They believed that cyanosis and rapid breathing after pul- 
monary embolism had a similar cause 

From these studies one would infer that since pulmonary embolism 
produces a disordered cardiac action as well as respiratory symptoms the 
crisis observed m patients who develop pulmonary embohsm under nitrous 
oxide might be explained on this basis Whether this be true or not, the 
existmg anoxic anoxemia is certainly accentuated and this adds to its 
effectiveness m mjuring the cerebral cortex 

The explanation of the mechanism of cerebral damage without 
cessation of respiratory or cardiac action is not so simple a matter. 
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There were four such cases in this scries, three of which terminated 
fatally and one which recovered completely These patients failed 
to regain consaousness after the anesthetic and convulsions subse- 
quently ensued It would seem that the clmical and pathologic 
phenomena are to be explained on the basis of the cumulative effect 
of an anoxemic state sufBaent to cause cerebral damage but insufiScient 
to cause a serious respiro cardiac cnsis A lowered minute output 
of the heart under such arcumstances would favor the slow develop- 
ment of a serious cortical necrosis 

Thi mechanism of cerebral necrosis In the cerebral hemispheres as 
m other organs of the body, the ultimate phenomenon of respiration 
occurs in the interchange of carbon dioxide and oxygen between the 
cell and the tissue fluids As far as the nerve cell is concerned, this 
exchange takes place in the pericellular fluid As for the interstitial 
tissues, respiration hkewisc occurs in the tissue fluids and m the fluid 
of the perivascular spaces If this is true, the earliest lesion in cere- 
bral anoxia would be found in the vianity of the pericellular and 
perivascular spaces That this is the case is evident from a study of 
the cerebral tissues The accompanying illustration (fig 20) makes 
this clear About isolated nerve cells or small groups of cells, the 
interstitial tissue appears vacuolated The reduced oxygen content 
and oxygen tension in the pericellular fluid so mjures the cell on one 
side and the stroma on the other that actual morphologic changes 
develop A similar change may occur about small blood vessels, 
evidently due to a reduced oxygen supply in the fluid in the peri- 
vascular spaces (fig 21) It IS this pericellular and perivascular 
necrosis that is ultimately responsible for the architectural and cyto- 
logic alterations in this condition The details of these changes will 
be discussed m a later section 

Summary Should any disaster occur in the presence of an ad- 
vanced anoxemic state accompanying nitrous oxide-oxygen anesthesia 
this state may be accentuated to a point permitting variable degrees 
of cerebral damage Respiro cardiac or respiratory failure, whatever 
be the cause, would readily permit the development of such a danger- 
ous stage of anoxemia An impure gas with a high content of inert 
nitrogen, a defective apparatus or a mechanical obstruction of the 
respiratory passages may also advance the existing anoxemia to a 
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certain extent What happens in a given case depends upon the 
oxygen saturation and tension in the arterial blood and the minute 
output of the heart As yet no studies are available to indicate the 
average situation under nitrous oxide anesthesia, and therefore just 
what changes occur in the individual case can at present only be 
conjectured 

EXPERIMENTAL LESIONS OE THE BRAIN FOLLOWING DEPRIVATION 

OF OXYGEN 

Attempts to produce cerebral lesions in experimental animals by 
anoxemia has not been uniformly successful Although Martin, 
Loevenhart and Bunting (52) were able to produce characteristic 
nervous sjnnptoms m rabbits by reducing the oxygen content of air 
in a respiration chamber, they report that no pathologic changes 
were observed in the brain and cord In a series of experiments 
performed on kittens by Ford (53) the brain was found to be markedly 
congested after asphyxia was produced by washing out the air from 
a bell jar with nitrogen or by exposing the animals to carbon mon- 
oxide In two kittens exposed to lUuminatmg gas (impure carbon 
monoxide) marked symptoms were produced The brams were 
studied 3 and 6 days after exposure Chromatolysis and fatty de- 
generation were observed in the nerve cells of the basal gangha and 
of the cortex but less marked in the latter The swollen endothelial 
cells of the blood vessels contained globules of fat 

Most of the studies concerned with changes in the bram after 
oxygen want have been on animals which have had the carotid and 
vertebral arteries temporarily hgated Ligature of these large ves- 
sels serves to deprive the brain more or less completely of its oxygen 
supply. The method was first mtroduced by Sir Astley Cooper,® 

* The effect of compression of the carotid arteries has been known almost from the 
dawn of civilization The Assynans compressed these vessels in their young men to 
lessen the pam of arcumasion Among the Greeks the carotid artenes were called the 
soporales because of their supposed relationship to sleep Dunng the Middle Ages, 
traveling magicians used a goat as part of their stage properties Compression of the 
carotids in this animal, smce its cerebral blood supply is entirely dependant on these 
vessels, 'would cause it to fall helpless Upon release the animal would jump up and 
run about as before Observations of the phenomena were referred to by Morgagm 
and other medical wnters of his time John Bell, however, did not put much stock m 
these reports and made light of them Astley Cooper produced charactensUc symptoms 
by hgature of the vertebrals and carobds in rabbits and dogs 
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Leonard Hill (54) repeated the experiments of Cooper and produced 
similar symptoms in the animals In a paper with Mott (55) he 
described the histologic changes in the nerve cells of the cortex A 
more critical study was made by Gomez and Pihe (56) who noticed 
that the small pyramidal cells were the most sensitive to anemia 
In an excellent review of the entire problem, Gildea and Cobb (57) 
called special attention to the areas of cortical necrosis in addition 
to the cntical analysts of the changes in the nerve cell 
A brief enumeration of the essential principles established by ex- 
perimental studies IS summarized below, since it has so definite a 
bearmg on the findings in the human brain after anoxemia 

1 Temporary occlusion of the carotid and vertebral arteries by ligature 
in animals results in convulsions, respiratory failure and permanent brain 
damage Cortical changes were observed after cerebral anemia lasting 
from ten to fifteen minutes 

2 Convulsions and other sy mploms may occur at once or may appear 
several days after circulation has been restored In animals in which 
occlusion lasted eight minutes or more, spastiaty, running fits, behavior 
peculiarities, dementia or yowling spells and blindness have been described 

3 In instances of mild anoxemia in animals which die immediately, 
only minor or poorly defined nerve cell changes were found For the 
development of characteristic architectural and morphologic alterations a 
definite survival period is necessary 

4 The characteristic architectural change was the occurrence of areas of 
focal necrosis (“areas of devastation” of Gildea and Cobb) which required 
24 hours to develop and occur predominantly withm the third and fifth 
lamina 

5 A dilatation of the penneuronal and perivascular spaces occurs 
The diameter of this space depends not so much on the degree of anemia 
as the length of survival period 

6 The nerve cells are predonunantly affected, the large and small 
pyramidal cells and cells of Purkinje showing the most profound change 
The varieties of nerve cell change have been described as (a) shrinkmg or 
sclerosis, (6) acute swelling, coagulation and liquification, (c) vacuolization 
and (d) lipoidal degeneration Gildea and Cobb also describe (e) cells with 
spihe like processes 

7 The interstitial cells were occasionally inaeased (penneuronal satel- 
htosis, ohgodendroghosis and gliosis), but these changes were not common 
nor charactenstic Neuronophagia was occasionally observed The 
penvascular microglia were also increased at times 
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8 The leptoroemnges were shghtly thickened at times 

9 The animals that died in convulsions showed dilated blood vessels. 
Those having a short survival period at times showed a thickening of the 
walls of the vessels which appeared increased in number 

10 The endothelial cells of the vessels commonly contained droplets 
of fat 

In more recent studies by Yant and his associates (58), asphyxia 
was produced in dogs by exposing them to carlion monoxide and to 
atmospheres deficient in oxygen When asphyxia was produced 
either comparatively rapidly or more slowly by exposure to carbon 
monoxide, there was found m the brain capillary dilatation and stasis, 
perivascular hemorrhage and dilatation of the perivascular and peri- 
neuronal spaces The nerve cells of the cortex, basal gangha, cere- 
bellum and nuclei of the medulla showed either sclerotic or acute 
degenerative changes The same changes were present in the brams 
of dogs and rats in which asphyxia had been produced by exposure 
to atmospheres defiaent in oxygen When asph)^a was produced 
more slowly by exposures of lower concentrations of carbon mon- 
oxide and the animals sacnficed 16 to 165 days after exposure, other 
changes were also noted Areas of demyelinization characterized by 
degeneration of myehn sheaths, the formation of compound granular 
corpuscles, vacuolization in the affected area and the formation of 
small cysts fiUed with yellow flmd were observed These patches of 
demyelmation were also found m the peripheral nerves Marked 
degenerative changes were also noted m the cortex as well as in the 
corpus striatum The endothehal cells of the blood vessels had pro- 
liferated in the areas of hemorrhage and m the now collapsed blood 
vessels The memnges had become thickened as the result of cellular 
proliferation 

CHANGES IN THE BRAIN DUE TO ANOXEMIA INCIDENT TO NITROHS OXIDE 

ANESTHESIA 

A Gross pathology 

The gross changes in the bram in anoxemic states are, as one would 
expect, of relatively mmor importance, and m most instances not 
characteristic enough to make a pathologic diagnosis ® If a survival 

’ Although It IS somewhat aside from the subject of this essay, a brief reference to the 
effects of ano'cemia on the parenchymatous organs is in order since such changes were 
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period of sumcicnt length intervenes betiicen the cerebral insult and 
death, changes visible ivith the naked eye ma}' be found 
Earh' changes After a survival period of onl\ a few hours or days 
following onset of cerebral symptoms a marked injection of the pial 
and cortical vessels is usuallj found "> The arachnoid is unchanged 
The subarachnoid space as a rule does not contain an increased 
amount of fluid, and the convolutions arc not particularly flattened 
In two cases of this series, what was thought to be small areas of 
softening within the cortical tissue were described by the autopsy 
surgeon In one case, not so thoroughli' studied, no cause for this 
observation could be ascertained In the other, small patches of 
red softening in the cortex were found, presumed to be of embolic 
origin On cut section aside from a minor hvperemia of the cortex 
no gross change is usually observed If the individual has survived 
for 3 or more dav s, the superficial lav ers may appear granular and be 
soft in spite of fexation No gross alterations have been found m the 
white matter or basil ganglia m recent cases 
Lalu changes If an intcrv’al of several weeks has elapsed between 
onset of characteristic svmptoms and death, more definite changes 
mav be found, particularly if a hand lens is used Ihe arachnoid 
maj show on dose inspection a spotty thickening, particularlj along 


obsened in iht ciscs in this series It Ins been known for some tiniL that inmcmia 
has produced changes in the liver and kidnt> m particular, although changes in the 
heart, lungs and even the th>roid have been described Marlin, Lotvenharl and Bunt 
mg (a2) found degeneration in the mid zone and central zone of the liver of rabbits 
exposed to a reduced 0 T>gcn supply In a study comparing the efltcts of nitrous oxide 
anesthesia to those of eclampsia, Slander (59) found moderate degenerative changes in 
the center of the lobules of the liv cr and m the renal tubules of dogs after administration 
of this anesthetic Fahr (CO) reported three cases w ith serious hv er damage after nitrous 
oxide anesthesia The liver prcscnlerl a >elIovvish brown color and was of soft con 
5istcnc> Microscopicallj, necrosis of the liver cell,, and hemorrhagic cxlravasauon was 
found In a recent rev.ci, of the problem Eranlen and VfiUos (61) found capdiarv 
hjTeremi-v m the hv cr, hidncy and spleen and nccrosl, of the hv cr These clnnats vv ere 
believed to be due to asphyxia and not to an, vpcaCc action of the eaa It is hkelv 
that changes m those organs observed ,n pattents djang after administration of nitrous 
oxide are the result of anoxemia inaUcnt to the anesthetic 

« Congestion is cvidenU, a genenlaed ptotective reapon c to anoxemia or asphyxia 
It IS probably an attempt to provide tissues with mom o i ^ \ t 

volume The cap.Ihiv vUls to the v^t, e L I 

and MiUos ( 61 ) iiho studied these otgans after n.lr^’’otr" r ''^i 

Wolff and Lennox (62) also found concesuon of ihe ° i i 

experimental asphjiia ^ ^ cortical blood vcs«eU after 
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blood vessels Areas of cortex appear yellowish and atrophic On 
stripping off the leptomemnges, flakes of cortical tissue adhere to 
them, leaving a yellowish, roughened and granular surface On cut 
section the affected cortex is found to be very much thinned and pre- 
sents a yellowish streak which may occupy the width of the cortex 
or be confined to a narrow zone just beneath the pia mater The 
superficial layer separates easity from the portion contmuous with 
the white matter The white substance as yet shows no grossly visi- 
ble change The lenticular nucleus will frequently show a granular 
central necrosis These changes were characteristic m Case 9 

Residual alterations As yet no one has described the ultimate 
changes m the brain following nitrous oxide anoxemia A conception 
of what finally occurs, however, may be gamed from a study of proc- 
esses initiated m the early days and weeks of the disease From 
these changes one would assume that thickemng of the arachnoid 
with adhesions to the pia mater, generahzed or localized cortical 
atrophy with secondary changes m the white substance associated 
with atrophy of the corpus striatum would ultimately result A 
compensatory dilatation of the ventricles and subarachnoid space 
could be demonstrated before death m such instances by an enceph- 
alogram 

B A) chitectinal alterations 

The alterations m the cortex following anoxemia are found to vary 
considerably m the cases studied, depending upon the length of the 
survival period and the seriousness of the lesion As has already 
been indicated, there is also considerable variation m the severity 
of the lesion m the various areas of the cerebral cortex m a given 
case, the reasons for which are not evident There are four charac- 
teristic alterations in the cerebral cortex, — degeneration of individual 
cells, patchy areas of necrosis (foamy degeneration), dijfuse zonal 
necrosis and complete cortical disintegration 

Dcgenciation of individual cells This mild type of cortical injury 
IS of special interest since it possibly occurs m patients who recover 
after cerebral manifestations m the course of nitrous oxide anesthesia 
In one case of this series (Case 8) the patient died of septicemia 
following an anoxenuc episode after nitrous oxide anesthesia While 
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the cortical tissue seemed more friable than usual, there were fou 
no architectural alterations Here and there, hoiv ever, m ere observ 
nerve cells showing characteristic sclerotic cliangt similar to tl: 
found in the areas of necrosis in the more advanced lesions in otl 
fatal cases Ihcsc cells were shrunken and so deeply stained tl 
their internal structure could not be made out 1 he fibrillar apj 
ratus in these cells had disintegrated into a fine granular mater 
which more or less completcK filled the cv toplasm of the cell Vi 
uoles were observ cd at times in this mass of granules Other cc 
occasionally showed minor alterations which suggested a mote aci 
change, — swelling of the cell bode, ccccntration of the nucleus a 
disintegration of the nucleus and \acuohzation of the cytoplasm 
Certain other general changes such as loss of tigroid material 
the none cells and acute swelling of the ohgodendrogha were a 
found, as would be expected in the cerebral tissues of an individi 
djang from septicemia ChnicalK , typical manifestations of ccreb 
anoxia had existed for several da>s after anesthesia, and the oco 
rcnce of a mild degree of anoxia seems a v'erj plausible explanati 
of the presence of these altered cells If this be the cast, for veast 
not entirely clear, certain indivadual cells of the brain at a giv 
moment must be more susceptible than others to noxious influenc 
Polcfn necrosis (“Herde” of Spielmej er, areas of dev'astation 
Glides and Cobb ) In cases with shorter survival periods, there : 
to be found m the cerebral cortex and basal ganglia variousl) sis 
areas which stain poorl) Upon closer examination this pale appei 
ance is found to be due to a decrease or absence of interstitial cellu 
elements, to an absence or sclerosis of persisting nerve cells, tc 
dilatation of the perivascular and permeuronal spaces, and to 1 
occurrence of numerous vacuolar spaces in the interstitial tissue 
In order to study the earlv appearances and mechanism of font 
tion of patch) necrosis, one must carefully examine other areas 
cortex which do not appear to show any serious architectural alte. 
tions under lower magnifications The first morphologic alterati 
IS to be found in the vicmitv of individual cells or about small grou 
of cells The interstitial tissue surrounding the enl vrged pencellu 
space presents a fenestr ited, lace-hke appearance This is due to t 
presence of numerous vacuolar spaces which progressivelv decre; 
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m Size in zones more remote from the pericellular space The en- 
closed cell also shows evidence of serious damage (fig 20) These 
findings would indicate that the earliest damage occurs at the point 
of ultimate exchange of oxygen and carbon dioxide between the tissue 
fluid in the pericellular space on one hand and the interstitial tissue 
and nerve cells on the other 



Fig 20 Details of Process or Necrosis as Seen in Case 4 Showing Vacuolated 
Appearance of Area of Devastation 

Enlarged pericellular spaces are also slioun I! & E X250 B, earliest stage of 
necrosis ^Mth vacuoles in interstitial tissue about group of nerve cells, H & E X620 

These areas of focal necrosis increase m size until a number of nerve 
cells are affected together with the intervening interstitial tissue 
Why the process selects certain circumscribed groups of cells to the 
exclusion of others can only be conjectured One might postulate 
that at the moment this group of cells was receiving a less abundant 
blood supply, and thereby soon utilized all available oxygen It is 
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also possible that at some stages of catabolism the cells are more sus- 
ceptible to o\rgen uant 

B\ analogy one uould expect that similar changes v,ou\d also 
occur about small blood vessels ihis is actualK the cast In in- 
stances showing more advanced changes, circular patches of necrosis 
are often found about small blood vessels resembling at first sight the 
perivascular necrosis as observed m the liver lobule (fig 21) It is 
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possible that patches of necrosis not so clearlj related to blood vessels 
may actually sustain such a relationship, the level at which the sec- 
tion IS cut in these instances having excluded the capillary 
Patchy necrosis may occur as sharply circumscribed and isolated 
necrotic areas or as a more or less diffuse involvement resulting from 
confluence of a number of patches These patches at times seem to 
occur as incomplete zones of necrosis and in this respect merge into 
the following type 
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Difuse zonal necrosis While it is possible for a given cortical 
zone to be everywhere affected at the same time m more seriously 
damaged brains, it also is evident in others that this appearance is 
the result of a confluence of a number of focal areas The irregular 
mottled appearance of certain regions seems to indicate that such is 
the case 

The same zones are not affected m all cases In one group the 
superficial cellular layers (layer of small and layer of medium sized 
pyramidal cells) were most seriously damaged In other cases the 
deep cellular layer (layer of large pyramidal cells) showed the greatest 
alterations Not infrequently all layers were irregularly involved 
The superficial zone (molecular layer) seemed to be least affected, 
perhaps because of the absence of nerve cells The deepest layer of 
cells (la 3 '-er of polymorphic cells) also seemed to escape the more seri- 
ous effects of ox 3 '’gen want At anj'^ rate, even when three fairly 
distinct layers of necrosis could be identified, an incomplete inter- 
vening layer separating the zones of necrosis was usually distinguish- 
able In some cases (i e , Case 2) necrosis of the deep layer seemed 
to be present in the form of two parallel zones which became fused 
over the superficial portion of the gyrus Individual variations are 
probably due to the difference m cell and fiber laminations in the vari- 
ous parts of the cortex It probably also depends on variations m 
the cortical blood supply 

Complete cortical disintegration This type represents the end stage 
of the process and is to be found only m cases with sufficiently long 
surwval periods to perimt of its development (Case 9) As the in- 
volved zones vuden, the intervening zones, formed of smaller cells 
and particular!)'- by transverse bands of fibers (as the bands of Bail- 
larger), are obliterated In this advanced stage the superficial 
molecular layer and the deeper pol)’morphic layer form the bound- 
aries of an extensive intermediate zone of disintegration The extent 
of destruction of nerve cells and fibers naturally depends upon the 
severity of cortical disintegration It may be more or less complete 
with only fragments of nerve fibers and distorted remains of nerve 
cells persisting At times incomplete rows of more or less seri- 
ously damaged nerve cells may be found on either side of the zone of 


necrosis 
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Tig 22 SnouivG T\prs of Nccro&is rou%D in LENTicijLxr Nucleu? 

-4, case 2 Scattered patches of necrosis X35 B case 3 Necrosis along bundles 
of white fibers m the nucleus X35 C,patchesof penvascular necrosisin case 5 X22 


These various t\'pes of architectural alteration have already been 
shown in the photomicrographs illustrating cortical changes in Cases 
1 to 9 
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The process of cortical necrosis is accompanied by one of scar tis- 
sue formation in cases with longer survival periods This scar, 
primarily the result of a vascular proliferation, is composed of a net- 
work of small blood vessels The details of formation of this scar 
will be considered in a subsequent section 

Even in cases with longer survival periods, characteristic appear- 
ances of all degrees of necrosis may be found It is, therefore, evi- 
dent that any given type of necrosis may pass through all the patho- 
logic stages The 'ultimate lesion depends upon the seiiousness of the 
insult to that patticular aiea dunng the peiiod of anoxemia 

In the lenticular nucleus only two of the types of degeneration can 
be traced (fig 22) Focal necrosis apparently merges directly into 
that of more or less complete disintegration, depending upon the 
severit}'- of the anoxic process 

C Tissue and cellulai change 

The changes in the architectural arrangement of the cortex de- 
scribed above gives one a conception of the mechanism of the anoxic 
process The microscopic alterations in the nerve cells on the other 
hand explain the ultimate pathologic picture 

1 Changes in the neice cells Since alterations m the nerve cell 
constitute the most important lesion from both a clinical and patho- 
logic standpoint, tins element will first be given attention It is not 
a simple matter, however, sharply to separate from the standpoint 
of the time interval, the changes in the nerve cells from those of the 
stroma and its constituent elements on one hand and from those of 
the blood vessels and the perivascular spaces on the other The 
degenerative process affects all of them coincidentally and conjointly 
It may be helpful to distinguish between morphologic changes as 
demonstrated by routine methods and striictwal alterations as shown 
by specific ones In order to reduce the subject to its simplest terms, 
both the morphologic and structural changes will be described under 
each type of degeneration A number of t}q)es of cell change will be 
described “ 

\mong the types of altered nerve cells described by Gildea and Cobb viere those 
designated as cells utlh spikc-hke processes They \\ere found in the brains of animals 
that died in convulsions within an hour after arterial occlusion In human matenal, 
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Sclerotic change at ncree celh {SUerosc (Nissl), Zellschrump- 
fiingCH ^Spielmeyxr), Slxtuuken homogeneous cells (Giklea and 
Cobb) )'■ Ihis tiTie of cellular alteration is most striking if not the 
most common change follow ing cerebral ino\ia These cells may be 
found in early stages in the areas of focal necrosis and later at their 
margins In appearance they arc unmistakable 1 he cell bod\ with 
concave lateral margins is shrunken to a variable degree within the 
enlarged pericellular space Tins shrinkage of the cell is at the ex- 
pense of the transverse diameter as indicated b\ Gildea and Cobb 
This appearance of “sclerosis” is accentuated bv the sharp outlines 
of the deeply -stained apical and basal dendrites which at times can 
be traced for some distance The apical dendrite tends to become 
twisted and tortuous, assuming a cork-screw appearance The cs to- 
plasm of the cell stains at times a deep bluish purple color The 
nucleus also shrinks and the detail of its structure ultimately becomes 
lost in the deepening coloration of the cell There is a more or less 
universal disintegration of the ncurohbnls in reduced siher prepara- 
tions, yvhich IS less extensive in the Bielschow skv preparation Gran- 

ular degeneration and fragmentation of these structures were ob- 
served, the regressive cliangc first taking place in the perinuclear 
region These changes arc illustrated in the accompanying drawing 
(fig 23) 

Ihe fate of this type of cell is uncertain If the involved region 
IS profoundlv damaged, complete granulation and fragmentation of 


3 ha\c failed to find many cells ansuenng this descnplion In one case (Case 6, sunival 
period CJ dajs 5 hours) an occasional cell with a sharp lateral spike was obsciaed Thcj 
skcmed to bt variants o! sclerotic cells, perhaps with thejr processes cut on the obhque 
Cases with shorter survival periods might show these cells m greater abundance It did 
not seem best to consider them as a special type in this studj 

“This change in nerve cells characterized by a shrinking of the cell bod> and homo 
geneous appearance of Its cjloplasm has been considered bj many as esscnlialli a chronic 
form of cell change N\hilc cells of this appearance arc found, to be sure after Jong 
intervals at the margin of focal lesions (as old cortical injuries), the> can also be observed 
within a few days after the development of a focal lesion Cildea and Cobb found them 
to be invanably present after vascular occlusion, even in animals d>ang within a few 
minutes thereafter I have found them also m cortical wounds a few da) sold A more 
logical conclusion to reach in the light of these ecpeueuccs is that sclerosis is a chang«' 
not immediately fatal to the cell which may pemst m a crippled form for Jong periods 
of lime 




220 


CYRIL B COURVILLE 


the cell results, an effect of tissue destruction m masse As an indi- 
vidual structure, however it may persist in this form for months 



Fig 23 Details of Sclerosed Cells Case 2 , Survival Period 43 Hours 
a, group of cells showing shrunken cell bodies and tortuous apical dendrites Cyanin 
method h, d, Cajal’s reduced silver preparation c, c, Bielschow sky’s silver method 
for neurofibnls Showing changes in the neurofibnls in these two preparations 

and even years, — a morphologically and probably a physiologically 
crippled cell 
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Aciifc dcgencrahon of itcn'c colls (Sclrucrc Zelkrkrmiknns (Nissl 
awd Spielmcicr), S.Nolltn cells (G.lcica and Cobb)) Ih.s tvpe of 



Fig 24 Altered Nlr\e Cells in Case 6 Survival Period 5 D4iS, s Hours 
a and / cyanin method shouing condensation of tjgroid mafenalj neuronophagia^ 
c, sclerotic cell, g-*, changes observed in silver carbonate preparation, g and i, macc like 
swellings q! basilar dendrites it~j swelling of apical process 

cell change is one m which the alterations are profound and un- 
doubtedly lead to complete disintegration and death within a com- 
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paratively short time The cell body is swollen and rounded, its 
cytoplasm becoming granular and stains lightly (figs 25 and 26) 
The occurrence of vacuoles gives the cell a fenestrated, mesh-hke 
appearance The tigroid granules disappear In reduced silver prep- 
arations, only a yellow rounded shadow remains At times a few 



c. 


Fig 25 Acute Necrosis of Nerve Cells in Case 4, Survival Period 3 Da\s, 

5 Hours 

C, show s acute necrosis in cell also undergoing lipoidal degeneration 

peripherally placed argentophihc granules may be seen at the point 
of attachment of the dendrites The nuclear membrane is broken 
up and melts away The lightly staining chromatin material is 
scattered and disappears The nucleolus likewise appears faded and 
vacuoles may be seen in this structure before it disintegrates 

Ischemic alleratioii (Ischamtsche Zellerkrankimg (Spielmeyer), 
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Tic 26 Acutf Nccrosis of Nervl Cflis in Case J, Surmvae Period 40 Hours 
a and A (H &. P), c and d (cyamn method) showing complete loss of tigroid substance 
e,/, and g (BieUchowsk> method) showing degeneration of neurofibnllar apparatus and 
collection of coar«c argentophilic granules in cytoplasm 
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Fig 27 CIIA^GES in Nerat: Cells of Lenticular Nucleus in Case 5, Survival 

Period 4 Days, 7 Hours 

a and 5 (H E), cytoplasm stained a brilliant pink ii ith eosin A, also shon s deposit 
of lipoidal pigment c and d (cyamn method) shoiimg complete loss of tigroid substance 
c- /; (Bielschon sky method) sliou mg disintegration of neurofibnllar apparatus 
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Coagulation of nerve cells (Biclschowsky), Necrobiotic cell disorder 
Qakob) Ihis type of cell Ins been found in regions completelv 
deprived of their blood supply Jhe cell bod> is swollen and loses 
its aflinilj for basic stains 1 he c> toplasm slams a bright pink color 
and assumes a homogeneous h\ aline or ground-glass appearance 
The darkl) -stained nucleus is shrunken and elongated It is often 
crowded to the peripherx of the cell (fig 28, a) These cells are not 
so commonU observed, perhaps because the lesion is a result of a 
subtotal deprivation of o\\ gen and not of complete obstruction to the 
blood current 

Pigmcnlan alropin (Lipoid il pigmentation or degeneration of 
nerve cells) The presence of hpoidal pigment in nerve cells was 
observed bv Gildea and Cobb m experimental cerebral lesions but 
thej did not place particular emphasis on the observation Man) 
of the nerve cells in human cases showed the presence of this pigment 
(fig 26, c and fig 28) At times the nerve cells were almost um- 
versall) affected The pigment was a jellow or orange color in 
routine preparations and a scarlet red color when stained by Herx- 
heimer’s method Ihc collection of pigment assumed a pen- or 
paranuclear situation crowding the distorted nucleus to the periph- 
er> of the cell Its formation is the result of breaking down of com 
plex molecules into simpler ones, evidence of a disturbed metabolism 
It IS observed ordinarily in chronic diseased states or in old age 
Its presence in abnormal amounts and in younger individuals is 
evidence of a pathologic state Oxvgen want apparcntl) favors the 
process 

“Calcificahon” (fcrnigtuahon) of neroe cells This chronic type of 
alteration of nerve cells was found m but one case (Case 9) and that 
after an interval of 26 days The deep blue color of the nerve cells 
has been responsible for their designation as “calcified” cells It is 
now known that this appearance is due to encrustation with iron 
These peculiarly altered nerve cells were tv pically found m the dense 
vascular scars of the cortex and lenticular nuclei In this instance 
the cell body retained its characteristic morphology , but its processes 
were frequently sharplv broken off, which gave them the appearance 
of being brittle The position of the nucleus was indicated by an 
irregular, frequently eccentric, less dense area in the deeply colored 
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cytoplasm No structures in the cells could be made out, their 
nodular margins giving one the impression of an irregular encrustation 



Fig 28 CHANcrs in Ni uuofibrils as Seln in Bielsciiowskv Preparations 
a and b, case 2 c and d, case 3 c-g, case 5 h-l, case 6 

(fig 29) Prussian blue preparations showed deposits of iron in these 
cells 

Of 'even greater interest than the bizarre appearance of these cells 
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was the presence of phagocvtic cells which enclosed them At times 
smaller nerve cells were found to be completely engulfed by a solitary 
macrophage, at others thej were surrounded bv several such cells 
attached to its cell bodi or to its cvpansions (sec frontispiece) These 
phagocNtes were stained brilhanth with eosin and contained one or 
more nuclei Globules of fat were often found to bo present in 
their C 3 toplasm 



Neuronophagia and perineuronal satellitosis were occasionallj 
observed 

2 Changes tn celts of the lenticular nucleus The tj-pes of altera- 
tions in the nerve cells of the lenticular nucleus were for the most 
part identical with those in the cerebral cortev Ihe so-called 
sclerotic changes were not so characteristic, possibly due to the differ- 
ence in the morphology of the cells in this structure Lipoidal pig- 
ment was also less abundant m these cells 



228 


CYRIL B. COURVILLE 


3 Changes in cells of Purkinje The alterations occurring in the 
cells of Purkinje were not characteristic of anoxia, but were similar 
to those found in other acute conditions The cytoplasm was more 
or less devoid of tigroid material and at times was vacuolated The 
nucleus was occasionally eccentric and often showed disintegrative 
changes The neurofibrils were almost universally fragmented and 




d 
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Fig 30 Changes in Neurofibrils as Seen in Cells of Purkinje in Reduced Silver 

Preparations 

a-c, case 1 d-/, case 4 The general tendency to herudiform degeneration (clear 

penpheral zone) associated vith coarse and fine granular degeneration is clearly shovn 


coarse and fine, granular necrosis and herudiform degeneration were 
characteristic (fig 30) 

The nerve cells of the nuclear groups in the brain stem showed 
remarkabl)' little change Often no alterations whatever could be 
detected 

Changes in neroe fibers The myehn sheaths of fibers running into 
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areas of cortical necrosis prcbcnttd charictcrjstic alterations, viz , 
swelling, vacuole formation and formation of “bulbs ” Of greater 
interest were the changes m the axis cv lindcrs Ihe finer transverse 
fibers were marked with small knots ind rings, and at times by 
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He 31 Cu \NCES IN lUE CORTICVL NlR\ 1 riULPS 
A, altered apical dendntes in ease 2 swellings m the fine trans\ei-st, fibers in 
ease 2 C, swellings in the cortiapetol fibers m case G 

broad, leaf like expansions The larger cortiapital fibers and apical 
dendrites presented a great vanetj of appearances, as shown in the 
accompanying illustration (fig 31) End-bulbs were only occa- 
sionally found and were not ver\ characteristic 
C/mnges m the Icptomcmngcs Alterations m the arachnoid and pia 



230 


CYRIL B COURVILLE 


mater were variable and inconstant, particularly in early stages In 
their series of experimental animals, Gildea and Cobb found two with 
thickened meninges, but attributed no significance to the observa- 
tion In the series of cases here considered, local prohferation of 



Fig 32 Loom. Tihckenikc wd A.dhesions of Pi\ to Arachxoid Over Deep Cortical 

Scar in Case 9 H & E X40 

arachnoidal cells was observed within the first few days A similar 
change v as observed at times in the pia mater, particularly about the 
small blood vessels In one instance (Case 9), after an interval of 
26 days, there was an advanced thickening of these membranes with 
formation of adhesions (fig 32) This proliferation of cells in the 
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MCinity of the blood vessels suggested a disturbed tissue respiration 
as a possible explanation of their presence The significance of this 
process is as yet not entirely appreciated 
Changes in the inlersltlial cells The microglia showed the most 
active change of all the interstitial elements, a change which one 
would naturally expect to ocair m the presence of advanced degen- 
erative changes Alterations in the morphology of these cells were 
obsened within the first few daxs The first intimation of cellular 
activity IS found m routine preparations Mitotic figures are ob- 
served m perivascular cells in superficial layers of the cortex Since 
mitotic figures occur in no other tjpe of cell in non neoplastic condi- 
tions, this indicated an actixe dmsion of microglia This was con- 
firmed bx a studv of specific preparations m which active, direct and 
indirect dixision of these cells xxas obserx'ed Swelling of expansions 
of the cell bodv and the occurrence of xacuoles in the processes 
further indicated biologic actixaty of these elements (fig 33) These 
changes were most marked in the xacmity of the areas of focal nec- 
rosis In 3 to S davs the cells had progressed to the “spider cell” 
stage, as has been found m the margin of cerebral xxounds (63) 

J he time interval required to dex elop compound granular corpuscles 
as a result of this lesion is not known but must occur sometime be- 
tween 6 and 26 days, the survival period of two of the cases In 
the indixidual survixang for 26 daxs (Case 9) numerous fully dex'el- 
oped phagoextes as well as other transitional stages xxcrc observed in 
zones concentric to the necrosed area (figs 34 and 35) Tree fat, 
fragments of nerve fibers and other argentophilic material were found 
in these cells 

Perhaps no more interesting function of these phagocj tic cells was 
observed than in connection with the chronically injured cells en- 
crusted with iron observed in Case 9 These profoundlj altered 
nerv e cells w ere frequentlj engulfed by large phagocytes The frag- 
mented dendritic expansions often protruded from the margins of 
these cells (See frontispiece ) 

The oligodendroglia presented characteristic acute swelling in all 
stages of the condition In case wath longer survival periods, there 
was an active proliferation of these cells about the blood vessels m 
the subcortical xvhite substance (fig 36) 
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Depending upon their locations, the astiocytes either underwent 
regressive change or were proliferated to play a part in the formation 



Fic 33 Dra\\ing SHomNG Details of Early Changes in Microglia in Case 1 
a and c, elongated cells (rod-cell tj^pe), h, alterations in penneuronal satellite, d, e and/, 
expanded forms g and h, cells undergoing disintegration 

of the subsequent astro-vascular scar The neuroglia in the areas of 
necrosis experienced an acute regressive change along with the other 
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dements The proliferative tendencies of these cells were of greater 
interest, however Eeadences of active cell division w-cre not promi- 
nent in the tissues in Case 7, with a survival period of more than 6 
days On the other hand there was a definite increase in the astro- 



c> tes at the margin of the zone of necrosis in Case 9, with a survival 
period of 26 days Proliferation occurred particularly in 3 situa- 
tions,— in the subpialglial layer, in the deeper la 3 ^ers of the cortex and 
the adjacent white substance beneath the zone of necrosis and about 
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patches of focal necrosis in the cortex itself (fig 37) In the last 
situation the protoplasmic cells normally present in the cortex had 
evidently undergone transformation into the fibrous variety 



Fig 35 Drawing Showing Dltuls of More Advanced Changes in Microglia in 

Case 9 

Vacuoles (globules of fal) and collections of argentophihc granules in the cytoplasm 
IS show n 

Changes m the blood vessels Aside from being the channel for 
carr}>mg the oxygen-poor blood which produces the profound tissue 
and cellular changes, the blood vessels played a triple role in the re- 
sulting pathologic picture (1) by enlargement of the perivascular 
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spaces m giMng the appearance of edema in acute stages, (2) m sup- 
plying phagocytic cells, and (3) in construction of the resulting 
vascular scar The occurrence of calcareous deposits in the small 
blood vessels, particularlv those in the lenticular nucleus, will also 
be mentioned 



lie ^6 Changes IN Olicodlndrocli\ IN C\sc 4 
A, proliferation of oligodendroglia about subcortical blood \cssef H &. E X 180 
B acute swelling of oligodendroglia m while substance I’enficld's combined method, 
X410 

In the acute stages of the condition, the cortical tissue is found to 
be extremely fragile, even though it was prompth and thoroughly 
fixed This fragility makes it difficult to obtain satisfactora frozen 
sections for metallic methods Upon microscopic examination, the 
perivascular and permeuronal spaces show an increase m uidth, which 
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gives the appearance of cerebral edema Gomez and Pike (56) found 
an increase in size of these spaces m experimental cerebral anemia and 
believed that it was an acute stage They were as large m an ani- 
mal living 16 days as m those living but a short time In this series 



Fig 37 Alterations in Classic Neuroglia in Case 9 
A, proliferation of fibrous astrocytes about vascular cortical scar X160 B, hyper- 
trophy and proliferation of subpial astrocytes above w ide zone of cortical necrosis, visual 
area X180 Reduced silver preparations 

of human subjects, they were variable in size m acute stages and were 
practically absent in one surviving 21 days 

The significance of these enlarged spaces is uncertain Whether 
they indicated a true acute edema incident to an active effusion of 
fluid from the dilated blood vessels or whether they resulted from a 
shrinkage of the seriously damaged interstitial tissue and nerve cells 
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Tic 38 CiixNCts in Blood Vessels 

A, collection of fat liden phagocj tcs in pemascular space of sulKrortical blood ve^cel 
in case 3 Scarlet red stun X240 B, pcriva-^nilar round cell infiltration in cortex 
t 3 ?? ^ mitotic figures inwalls of cortical blood vessels m case 7 

*1 ol iv X07U 
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IS not known One appearance further suggesting an active edema 
IS the development of small vacuolar spaces in the interstitial tissues, 
especially about nerve cells On the other hand the shrunken nerve 
cells and the compressed, deeply stained strands of the altered inter- 
stitial stroma suggests that the enlargement of the space may be 
passive, due to shrinkage of these adjacent elements 



While the blood vessels may be the source of part of the fully de- 
veloped phagocytes, supplementing those of microglial origin, the 
greatest interest in this connection is the phagocytosis of lipoidal 
pigment and other material by their endothelial cells Fat was found 
in the perivascular spaces and walls of the blood vessels m the experi- 
mental animals of Gildea and Cobb (57) It has also been found in 
similar situations in this series of cases This hpoidal pigment, 
staining brilliantly with scarlet red was observed m early stages 
V ithin phagocjTes in the perivascular spaces (fig 38, a) in the blood 
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vessel walls and in the lining endothelial cells Ihis material pre- 
sumably represents the disintegration of tissue lipoids and is of a 
similar nature to that found m the c> toplasm of the nerve cells In 
later stages, when regressive changes had become more advanced, 
the phagocjtic elements in the blood vessel walls, particularlv the 
endothelial cells, were found to be loaded with argentophihc gran- 
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indentation or budding of the endothelial nuclei and in an actual 
increase in number of these elements Mitotic figures were observed 
in the walls of the blood vessels in Case 7 after an mterval of 6 days 
At first these changes were local As degenerative changes advanced, 
the small blood vessels increased m number In Case 9, with a sur- 
vival period of 26 days the scar was formed of a complex mass of 
small but well formed blood vessels (fig 40) The appearance of this 
scar has no counterpart in any other known cortical lesion 

The presence of calcareous deposits in the walls of small blood 
vessels of the lenticular nucleus after carbon monoxide poisoning is 
one characteristic of the pathologic picture The deposit of calcium 
under such circumstances has been interpreted as being due to an 
interference or disturbance of the normal oxygen-carbon dioxide inter 
change through the wall of the blood vessel The accumulated 
carbon dioxide unites with the soluble calcium salts in the blood 
plasma to form insoluble calcium carbonate Calcareous deposits 
were likewise observed in the small blood vessels of the lenticular 
nuclei in many of the cases in this series Their presence is probably 
to be accounted for on a similar basis Calcification of the small 
pial blood vessels was also noted in Case 9 

SUMMARY 

This study is concerned with the problem of cerebral asphyxia or 
anoxia as a result of nitrous oxide anesthesia It is based upon clin- 
ical and pathologic observations m a series of 13 cases, 9 of which 
terminated fatally. In all the fatal cases an autopsy was obtained 
and a more or less critical examination of the cerebral tissues was 
made 

Cerebral manifestations following inhalation of nitrous oxide have 
been recognized for almost a hundred years The immediate nervous 
manifestations usually consist of generalized convulsive seizures, 
muscular rigidity and persistent coma, at times terminating fatally 
with signs of “decerebrate rigidit}'^ ” Delayed symptoms may occur 
in the form of a psychosis, a parkinsonian symptom-complex or dis- 
turbances of special sensation, particularly in the form of a partial 
or complete amaurosis The patient may recover entirely after an 
anoxemic episode, may survive for a variable period with residual 
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symptoms or niav (he ivithm a few (la\s In fatal cases, death usu- 
ally occurs uitliin 2 to 7 days, but ina> occur only after an interval 
of weeks or months Ilxamplcs of each of these variations are to be 
found in the series of cases described herewuth 

Anovemia following administration of nitrous oxide may be the 
result of an impure gas a fault) apparatus, or a preexisting or sud- 
den!) developed pulmonan lesion 1 he possibility of fault) adminis- 
tration of the anesthetic and of individual idiosvncrac) to this gas 
arc also to be considered Several factors ma) be present m a single 
case, all contributing to production of the cerebral lesion Regard- 
less of the exact source of the trouble, the clinical symptoms and the 
pathologic findings are the effect of asplnxia and arc not due to any 
toxic effect of nitrous oxade itself 

The mechanism m most instances seems to be one of two tx'pes, — 
(a) sudden circulatory and/or respiratory failure wath consequent 
cerebral damage due to the immediate utilization of the remaining 
small amounts of available ox)gcn or (i) prolonged exposure of the 
brain to a dangerous degree of oxygen want 
The resulting cortical lesion nccessaril) depends upon the degree of 
anoxemia and its duration I here may be (a) a sclerosis of scattered 
pyramidal cells, (6) an occurrence of discrete pale areas (Hcrde) in 
the cortex, (c) a patchy necrosis of superficial, intermediate or deep, 
or all cortical la)ers, (d) a subtotal destruction of the cortex, or if 
the patient surviy es for a sufficient interval, (c) a vascular scar may 
result due to the formation of new blood vessels Changes m the 
nerve cells ma) be described as (a) sclerotic, (/>) acute degenerative, 
(c) ischemic, and in chronic cases (d) “calcified” nery e cells Lipoidal 
degeneration (e) is also a common form of cellular change The 
microglia develop into compound granular corpuscles in the presence 
of necrosis The astrocytes adjacent to the necrotic areas undergo 
proliferation to aid m the formation of the astro-vascular scar The 
ohgodendrogha undergo acute syyelhng and variable degrees of 
proliferation, particularly in the subcortical yvhite substance The 
arachnoid and pia may show cellular proliferation, and adhesions 
between these two membranes may take place 
The lenticular nucleus seems to be affected to about the same 
degree as the cerebral cortex, and essentially the same architectural 
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and cellular changes are found Small globules of calcium are com- 
monly observed m the small blood vessels m this structure similar 
to those found in carbon monoxide poisoning The Purkinje cells of 
the cerebellar cortex are quite markedly altered 

A study of the brain m fatal cases discloses several interesting 
facts Not all portions of the cortex are uniformly or sjunmetrically 
involved This no doubt explains the variable clinical picture found 
m those cases surviving for several weeks or more While it is pos- 
sible to predicate the character of the lesion from the clinical history, 
one cannot always be sure of the severity of cortical damage This 
IS due to the great difficult}'' in evaluating all the possible causative 
factors The earliest lesions are found about the pericellular and 
pericapillary spaces, which would suggest that the injury is a result 
of “tissue respiration,” — a disturbed carbon dioxide-oxygen exchange 
between the tissue fluids and the cellular elements 

This condition, hitherto not critically studied from a clinical and 
pathologic standpoint, demands further investigation A careful 
analysis of all possible factors should be made at the time an accident 
occurs under nitrous oxide anesthesia to determine if possible the 
cause of the trouble A detailed study of the brain should be made 
in every fatal case The ultimate changes taking place in the brain 
after prolonged survival period are as yet unknown 
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THE INTERRELATION OF CEREBRUM AND CEREBELLUM 
IN THE REGULATION OF SOMATIC AND 
AUTONOMIC FUNCTIONS* 

I r rULTON, M D 

Ftow the Labofotory of Physwlogyj lale Uttivofstly School of McdtctnCf htuf Tloxent 
ConnecUcul 

I INTRODUCTION 

When the advice of the late James Collier of London was sought 
concerning a case of suspected cerebellar tumor, he remarked “It 
IS very easy to recognize a cerebellar lesion because the patient walks 
with his cerebral hemispheres" , and on saying this Dr Collier promptly 
imitated the discontinuous progression movements on a broad base 
with head protruded forward, which so vividly characterize the loco- 
motor activities of a human being with a mid-hne cerebellar tumor 
Collier’s cryptic comment was based upon sound physiology— one of 
many instances in which clinical observation and inference have antici- 
pated physiological analysis It is my purpose to elucidate Collier's 
epigram by description of a senes of physiological investigations 
extending over a penod of eight years, in which the attempt has been 
made to secure more precise information concerning the relation of the 
cerebral hemispheres to the functional activities of the cerebellum I 
propose in effect to give a log of the research, desenbing the pnncipal 
experiments in the chronological sequence m which they were per- 
formed 

In a book on the reflex control of movement published in 1926 (41, 
Ch XX) the existing state of knowledge of the physiology of the 
cerebellum was summanzed and a full account given of the early litera- 
ture The next year F M R Walshe (131, p 381) observed that I 
had marshalled all the relevant facts of the physiology of the brain- 
stem and spinal cord, but that the importance of the cortical element 
in cerebellar disturbance had been “completely overlooked " Under- 

' Lecture read to the Harvey Society, New YorL City, February 20, 1936 
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emphasized it had been, and in order to test the validity of Walshe’s 
surmise, experiments were begun at Oxford in 1928 in which, after 
decerebellation, the cerebral henuspheres of cats, dogs and monkeys 
were removed, and the effects on the previously established cerebellar 
symptomatology analyzed (53) 

n EXPERIMENTS ESTABLISHING THAT THE CEREBRAL HEMISPHERES 
ARE RESPONSIBLE FOR CEREBELLAR TREMOR 

The outstanding feature of the disturbances produced by removal 
or extensive injury of the cerebellum is a profound incoordination of 
volitional movement, a condition generally designated as cerebellar 
ataxia which is associated in its later stages with a coarse intention 
tremor* This was first recognized by Flourens (35) in 1824, and 
nearly aU subsequent investigators have accepted ataxia with inten- 
tion tremor as pathognomic of a cerebellar lesion. Mills and Weisen- 
burg (95) introduced the excellent descriptive term “asynergia” to 
embrace the total picture of incoordination resulting from an extensive 
cerebellar lesion, but Holmes more recently has defined the term 
(63, p 479) as “the absence or disturbance of that proper synergic 
association in the contraction of agonists, antagonists and fixating 
muscles, which assures that the different components of an act follow 
in proper sequence, at the proper moment and are of the proper degree, 
so that the act is executed accurately and with the least possible 
expenditure of energy ” This more restricted definition of asynergia 
is the one which has come to be generally accepted 

Consideration will be given first to the time of appearance of cere- 
bellar tremor after the cerebellum has been removed 

* The jerky and intermittent character of voluntary movements in cerebellar disease 
IS difficult to describe, and the movements have been variously designated Luciani (83), 
for example, termed this imperfect fusion of movement “astasia”, “ataxia” and “asy- 
nergia” are more comprehensive terms, sometimes used interchangeably to descnbe the 
discontinuous, decomposed and dysmetnc vohtional movements of cerebellar disease 
Gordon Holmes’ (121, 63, but see especially 64) painstaking classification of the dis- 
turbances of movement and stance in cerebellar disturbance forms the basis of modem 
discussion and terminology of the subject, he recognizes, among other categories of 
impaired function, two varieties of tremor phasic mtention tremor (63, p 481), and 
static tremor (e g of head and trunk, 63, p 491), we propose to group the two together 
as “cerebellar tremor ” Inclusion of the two types of tremor in one category seems 
entirely justifiable in animals since many movements of cerebellar preparations ter- 
minate in a wildly oscillating tremor, and it is often difficult to determme where the 
phasic tremor ends and the static tremor begms 
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; The dcxclopmciil of tremor follmotng removal of the cerebellum 

In tl\e invLStigalion just alluded to (51) 16 cats and 5 dogs were 
decerebcllatcd, and attention was focussed upon the time of appearance 
and rate of dc\ clopment of “cerebellar tremor ' When the cerebellum 
had been clcanlj removed m one piece without injiirt to the vestibular 
nuclei, the animal t\hibiled opisthotonoid seizures for two to three 
davs, but tremor did not generallj' apjtear until the fourth day when 
the head began to oscillate (Holmes’ “static tremor’’), the oscillations 
appearing whenever the creature attempted to assume the horizontal 
position or to reach some objective such as food B) the end of the 
first week the extremities showed well-marked discontinuities of move- 
ment, and in two weeks the full blown picture of cerebellar ataxia 
and tremor had developed When at rest the animal appeared essen- 
tiallj normal except for coarse oscillation of the head, present uhen 
sitting up but absent ,vhcn Iving do.i'n It is significant, therefore, that 
m cat and dog, cerebellar tremor onh appears when the animals 
respond to sight or smell of food, or perception of an unaccustomed 
sound All this points to activity of the cerebral cortex, the more so 
since the ataxic manifestations are always associated with what is 
ordinarih termed 'Voluntan ’ effort, be it in the maintenance of a 
special attitude or in the initiation of movement 

If the cerebral hemispheres arc responsible for the ataxic and 
tremulous features of cerebellar deficit, one might, in accordance with 
Walshe’s prescient hypothesis, expect these manifestations to dis 
appear when the cerebral hemispheres have been ablated 

2 Diminution of cerebral tremor after remooal of one cerebral hemisphere 

If an entire cerebral hemisphere is removed from a decercbellate 
cat the extremities opposite to the cerebral ablation immediatelj 
assume a ngid extensor posture, the ngiditj being often much more 
intense than that following simple decerebration In the course of 
time, however, the rigidity diminishes, and simple reflex movements, 
which would probablj be classified as "associated” (130) begin to 
appear These spontaneous movements occurnng on the hemiplegic 
side show no trace of tremor or discontinuity until late in the stage 
of rccoverj, when slight tremor mav be detected, occurring simul- 
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riti that obsen’-able on the normal side ^ 
"circ rtfs late appearance of discontinuous move- 
estremities as due to innerv’-ation from the 
sfnctit completel}’’ disappears when the remain- 
r~a"*ec. 

''r. Sccerebellale-iJialamic preparation 

.-i-i herdspheres are ablated from a decerebellate 
r-.coa of extraordinarv’’ interest results After a 
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(16 days), ctrcbellar tremor as such \\as lluis entirely absent, oven 
though a great variety of vigorously executed spontaneous movements 
take place 1 he animals generalh succumbed after several weeks to 
skin infections incident to their excessive activity '' 1 he dorsal surface 

of the brain stem of such an animal remov cd at autopsi together with 
cerebellum and hemispheres as removed at operation arc shown in 
figure 2 Observations on decerebcllatc thalamic dogs have also been 
made by Rademaker (101) but the cerebellum was removed after the 



lie 2 Tiil IIrvix Stimoftiii Dici rhif Tiive-unie Cvt Siiowmn T icuitE 1, 1, 
llmcir SecceiniFD 16 Pw*, vuir Krvov o oi riir Sreoso HtiiispnERL 
\T ? screbellum and cerebral hemispheres as remov ed it operation are also included 
iVole that the ccrchellum has been completely removed m one piece (S3) 


cerebral hemispheres m his experiments so the effect on tremor could 
not be observed Sager (lit) has recenth reported the anatomical 
status of one of Rademaker s dcccrebellatc-thalamic dogs which lived 
89 days 

In passing, some comment might be made about the term asvnergia 
as applied to the decerebcllate thalamic preparation Unlike mon- 
keys, cats and dogs without hemispheres have essentially normal 

* The shin of these preparations was cunously prone to infection due possibly to dis 
turbanefe of refle-^ vasomotor control of the skin 
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synergic movements, but when the cerebellum is also removed, the 
animal sprawls horizontally and cannot stand (fig \,B), it is thus 
gravely incoordinated (103, 53, 113), a condition which might be 
designated asynergia without tremor Rademaker’s dog which lived 
89 days is said to have had dysmetric movements but no tremor (113) 

4 The decerebellate monkey 

Removal of the cerebellum was carried out in six monkeys and the 
rate of development of cerebellar tremor closely studied m four (5) ® 
The animal attempts to execute volitional movements earlier than does 


1 



A B 

Fig 3 a a monkey two weeks after complete decerebellation showing its mode 
of obtaining food 

B Another monkey three weeks after decerebellation showing a characteristic prone 
posture with inability to sit upnght 

the cat, in less than twenty-four hours after decerebellation a monke> 
usually tries to piopel itself toward food, and within 48 hours the 
wildest ataxia of head and all four extremities becomes apparent, head 
tremor generally appearing first as in the cat, and the complete cere- 
bellar picture IS likely to be fully developed within two or three days 

^ Complete decerebellation in monkeys has been reported by Luciam (83), Munk (98), 
Andrt-Thomas (3) and Rademaker (103), and extensive subtotal removal by Ferrier and 
Turner (34), Russell (111) and Lew'andowsk> (81) The decerebellate chimpanzee has 
never been obseried No one of the previous obseriers has devoted specific attention 
to the chronology' of appearance of motor symptoms following decerebellation, the 
monkey being quite different from dog or cat 
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At rest, they generally lie m a prone position (figs 3, A and JS) As 
in the cat, tremor is invariably associated with voluntary effort 
Profound diminution of cerebellar symptoms folloivs in the monkey, 
as in tlie cat, after removal of one cerebral hemisphere This being 
the case, one might naturally' expect that isolated removal of the motor 
area itself would suffice to abolish the monkey’s cerebellar symptoms 
Expenments of this sort were earned out at Oxford in 1929-30 but 
■nith essentially negative results Indeed, ablation of the classical 
motor cortex from a decerebellate macaque diminished its cerebellar 
tremor only' slightly and transiently, it quite failed to abolish it Our 
attention, therefore, came to be focussed upon the cerebral cortex 
Itself, on coming to Yale m 1930 one had opportunity to study' the 
problem m chimpanzees as well as m monkeys The last five years 
have accordingly been largely taken up with an analysis of cortical 
function m these forms, and only' dunng the past year and a half has it 
seemed feasible to return to the cerebellum 

m MOTOR ACTIVITIES OF HIE CEREBRAL HEMISPHERES IN MONKEYS 
AND CHIMPANZEES 

Discussion of the part played by tlie cerebral cortex in causing the 
symptoms of cerebellar defiat presupposes some knowledge of the 
functional anatomy of the cortex itself Studies of cellular architec- 
ture by Mcynert (94), Ramon y Cajal (105), Campbell (21), Brod- 
mann (14), the Vogts (127, 128) and von Economo (32), established 
the laminar structure of the cerebrum, six pnnapal layers being recog- 
nized, and three major functional divisions the sensory reception 
areas, regions of motor projection, and the association areas Speak- 
ing generally the sensoiy areas he in the postenor half of the hemi- 
spheres, and the motor regions m the anterior half, but there is exten- 
sive overlapping between the two. the assoaation areas he scattered 
m the frontal, parietal and temporal lobes Each of these major 
divisions has been further separated into areas of discrete structure 
In the pnmate series, striking homologies exist between these areas of 
specific structure, the general arrangement being quite similar in 
monkey, chimpanzee and man (72) (See figures 4, S and 6 ) When 
the expenments just alluded to were commenced in 1930, it seemed 
probable that a systematic study of the results of regional ablation of 
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homologous cytoarchitectural areas in monkey and chimpanzee (and 
in other related primate forms) might, if adequately interpreted, throw 
light upon the functions of the corresponding regions of the human 
brain In the discussion which follows Brodmann’s (14) numerical 
designation of the specific regions wiU be followed 

The simultaneous use of monkeys and chimpanzees increases the sig- 
mficance of results obtamed from either one alone The substantial 
differences observed between these forms pointed to greater dominance of 
many cortical functions in chimpanzees than monkeys, such reactions as the 
Babmski response bemg present m chimpanzees and not in monkeys (46), 
this suggests that a correspondingly higher degree of encephahzation of 
such functions may be present in man, and while it has made one cautious 
m applying results obtamed from one form to explain phenomena seen m 
another, it has at the same time given indication of the direction in which 
man is likely to differ from the anthropoids 

Since the commencement of this study more than 1000 lesions have 
been made in some 500 monkeys, detailed typed records being pre- 
served for each animal with day to day observations after every lesion, 
the 56 lesions made in 25 chimpanzees have similarly been intensively 
studied Since our principal conclusions relate to the chimpanzee, 
the followmg brief comments concerning cortical areas will be based 
on this form In the appendix protocols are given descnbing each 
of the chimpanzees studied 

1 Motor regions of discrete structure 

In considermg cerebral and cerebellar interrelationships our atten- 
tion is first drawn to the motor projection areas These lie principally, 
but not exclusively, in the frontal lobe, other httle understood motor 
systems have been found ansing in temporal and postcentral convolu- 
tions (Mettler, 93). The following regions are the most important 
(figs 4, 5 and 6) . 

Individual areas 

Area 4, which forms the principal part of the classical “motor area,” 
extends from the base of the central sulcus anteriorly to a variable extent 
on the lateral surface of the precentral convolution (figs 4, 5 and 6) His- 
tologically it is made up of characteristic agranular frontal cortex with the 
giant cells of Betz on the fifth layer (fig 7) 



MOTOR 

AREA 



no 4 The Voot IfODiFiCATiov or Bpoduann’s CvroAsanTEciOTAL Map or the 
AI ovkEY Brain 

This has formed the basis of Foerstcr’s (37) map of the human cortes m ivhich corre- 
sponding areas have been identified, and of the present studies of the chunpanree cortex 
(fig 5) The motor area is synonymous tilth area 4, the premotor nith area fiad and 
fiaa (upper part), areas (Sarr (lower part), 6b<t and 6bd have not received special designs 
Uon The eie field occupies area 8, and the frontal assoaation areas 9, 10, 11 and 12 
Areas 11 and 12 vihiA are on the orbital surface, are not shown on the figure 



ChlMPANZCE 

Fro S AT^---eDuor«iop™ncipa^^^^^ 

(un^uwffifon to baSfTeJ^mmtrom 

of areas 4 and 6 are from Bucy (19) The postcc3?nd margins 

being based on Ingalls (fifl) and on horaoS wS .k. 

Mauss (90) For the temporal lobes of the ® studied by 

11 and 12 have not yet be?n separated in the c^JSe ® 
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Area 6, which is histologically identical with area 4 except for the absence 
of Betz cells, includes the electrically excitable tissue, exclusive of the eye 
fields, lying rostral to area 4, in recent hterature the upper part of this 
region has been designated the “premotor area ” Area 6 of the monkey 
has been divided by the Vogts (128) into an upper and lower part each 
of which has been further subdivided as indicated in the diagram (fig 4) 
Area 6a, upper part, is concerned with integrations affecting the extremities 
and viscera In man the upper part of area 6a is divided physiologically 
into an anterior and posterior portion haa and 6ai8, the postenor being more 
easily excitable electrically than the anterior part Area 6a, lower part. 


Aaka 



Fig 6 The Pyramtoai. and Extrapyramidai, Areas or a Human Brain arter 

Foerster (37) 


IS taken up with integrations affecting the head. Area 6b is concerned with 
highly organized movements and with respiration 

Area 8, the “eye field,” has to do with integrations affectmg the external 
ocular muscles and to a certain extent also with the neck muscles Recently 
Hines (57) has found that this area in the macaque extends to the mid-line 
along the stnp lymg rostral to area 6a as Mauss (90) found m the gibbon 
and orang Its position in the chimpanzee has not yet been determined 
cytoarchitecturally 

Areas 9, 10, 11 and 12 have been grouped together under the term “frontal 
association areas ” This region is without motor cells in the fifth layer 
and its association connections are more significant than its extrapyramidal 
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motor projections Minkowski (96) and more recenllv Iilctller (92), and 
Levin (80), following cvlirpalion of area 9 m the micaque, have demon- 
strated fine fibered projections passing through the anterior limb of the 
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Area 6, which is histologically identical with area 4 except for the absence 
of Betz cells, includes the electrically excitable tissue, exclusive of the eye 
fields, lying rostral to area 4, in recent literature the upper part of this 
region has been designated the “premotor area ” Area 6 of the monkey 
has been divided by the Vogts (128) into an upper and lower part each 
of which has been further subdivided as indicated m the diagram (fig 4) 
Area 6a, upper part, is concerned with integrations affecting the extremities 
and viscera In man the upper part of area 6a is divided physiologically 
into an anterior and posterior portion 6aa and 6a(3, the posterior being more 
easily excitable electrically than the anterior part Area 6a, lower part. 


Aaia 



Fig 6 The Pyramidal and Extrapyramidal Areas of a Hum:an Brain after 

Foerster (37) 

is taken up with integrations affecting the head Area 6b is concerned with 
highly organized movements and with respiration 

Area 8, the “eye field,” has to do with integrations affecting the external 
ocular muscles and to a certain extent also with the neck muscles Recently 
Hines (57) has found that this area m the macaque extends to the mid-line 
along the strip lying rostral to area 6a as Mauss (90) found in the gibbon 
and orang Its position in the chimpanzee has not yet been determined 
cytoarchitecturaUy 

Areas 9, 10, 11 and 12 have been grouped together under the term “frontal 
association areas ” This region is without motor cells in the fifth layer 
and its association connections are more significant than its extrapyramidal 
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)tor projections MmkottsVi (96) and more rccentlj Mettlcr (92), and 
\m (80), following c.\tirpition of area 9 in llic macaque, liave demon- 
atcd fine-filicred projections passing llirougli the interior limh of tlic 



c 7 The Neusonai. (Left), Cellular (Middle), Myelogenous (rioiit) Archi 
ECTURE OF Area 4 in the Human Brain after Brodmann and tiie Vogts (37) 

psule to the thalamus, caudate nucleus and pons, the principal degenera- 
m being corticothalamic (Levin) In our experience the frontal asso- 
ition areas are completely inevcitable, since after areas 4, 6 and 8 
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have been removed, no motor response m either the somatic or auto- 
nomic spheres can be obtained, however intense the stimulation may be 
The homologies of the chimpanzee frontal association areas in terms of 
those of the macaque are not yet clear (see 90) 

Areas 1, 2, 3 and 5 These areas constitute the postcentral and superior 
parietal convolutions and are stated by Mettler (93) and others, to give 
rise to an extensive fine-fibered projection system to subcortical regions 
such as the substantia nigra Area 5 appears to give nse to a small but 
definite corticospinal projection (Cajal) 



Fig 8 Foerster’s ( 37 ) Schematic Representation of the Pvramidae and Extra- 

PYRAMIDAE PROJECTION FROM THE CEREBRAL CORTEX 

i4rcfl 22 From the posterior part of this region a subcortical motor 
projection takes origm which passes to the vestibular nuclei of the medulla 
(37, 38) 

Pyramidal and extrapyramtdal projechon systems From area 4 
arises the great corticospinal proj’ection system which, since it passes 
through the pyramids of the medulla, has long been known as the 
“pyramidal tract ” Extensive extrapyr amidol projection systems also 
arise from areas 4 (91, 96, 80) and 6, and, behind the central sulcus, 
from areas 1, 2, 3, 5 and 7, and from 22 Smce these extrapyramidal 



IN rruRU ATioN OF crurniaiM and cnirm li um 


259 


motor project ions nrt intimnUly assocmlcel in their functional activity 
with the classical cxtrapj ramidiil system of subcortical origin, it seems 
entirclj proper, following Foerster (37, 38) and others (124, 125, 133, 
etc ), to designate tliem "extrapj ramidal” motor projections from the 
cortex (see fig 8) 'Ihe term "parapymmidaV* used by Mane and 
Guillain (85) is scarcely aiipropriatc since it had reference "i cdtf elu 
faisccau pyramidal sous iippartemr i\ cc faisceau d'origm corticale " 
In describing Ihe somatic functions of tlicse regions consideration 
will first lie given to their electrical excitability, and tlun the results 
of regional ablation will be summari/cd Autonomic functions will 
be considered later 

2 IJecirical cxctlabtltly of Ihe prtnctpal areas of motor functwn 

Area 4 In stimuhting area 4 one must recall that it contains many 
structures other than the cells of llet/, t e , huge transcortical fiber 
systems from other parts of the cortex passing to the motor neurones, 
large groups of neurones, apparently receptors, in the outer laminae, 
anti finally area 4 contributes the large cxtraiiyramidal motor projec- 
tions just mentioned Stimulation of area 4 may call all tlicsc varied 
nciirai units into activity, and to study any unit or group of kindred 
units isolation is essential 

(a) The Bets celts Dusscr dc Uarennt (27, 28, 31) finds that the 
excitable characteristics (sec 29) of area 4 arc due principally to the 
large and giant pyramidal cells of the fifth layer He observed that 
the sharply circumscribed movements normally obtainable on faradiz- 
mg area 4 can still be evoked in essentially unaltered form after the 
outer four layers of cortex are removed by means of thermocoagulation, 
leaving the cell bodies of the neurones in the fifth layer undamaged 
The responses after such a procedure, however, may be due in part 
to the cxtrapyramidal motor projections arising from tlie same cortical 
layer Unfortunately these projections cannot be removed anatomi- 
cally, but they can be virtually excluded pharmacologically In 1930 
Liddell, Rioch and I (52) found that certain barbituric acid dcnvatives 
gave surgical anaesthesia without abolishing excitability of the pre- 
central convolution, and it was later found that with these anaes- 
thetics the excitability of area 4 was preserved while that of area 6 
was greatly impaired (45) Wlicn the cxtrapyramidal system from 



260 


J F FULTON 


area 6 was thus depressed, it is reasonable to suppose that extrapy- 
ramidal connections from area 4 are similarly impaired, since they also 
depend upon subcortical connections m regions specifically affected 
by such drugs as sodium amytal and Dial-Ciba 

In such a simphfied preparation, therefore, in which the outer layers 
of the cortex are destroyed and the extrapyramidal projections made 
inactive by Dial, certain characteristic responses follow monopolar 
faradic stimulation (Dusser de Barenne) After a bnef latency dis- 
crete movements of individual muscles can be obtained similar to 
those with an intact motor cortex under local anaesthesia The dis- 
creteness of response is indeed the most striking characteristic of local 
stimulation of the Betz cells Continuance of the stimulus, however, 
may cause the response to spread to adj'acent muscles, but whether 
the spreadmg is as extensive as in the normal cortex has not yet been 
determmed If continued indefinitely in an intact hemisphere the 
response may, as in a Jacksonian seizure, come to involve the muscula- 
ture of the entire opposite side of the body This spreadmg of a focal 
seizure is a well-known phenomenon clinically, and it is interesting 
that the “march” of the seizure from one muscle to the next appears 
to depend upon anatonucal connections of the Betz cells existing in 
the deeper layers of the cortex 

(b) Extrapyramidal projections Attempts to study the nature of 
the motor influence exerted by extrapyramidal proj’ections from area 4 
(91, etc ) have also been made by many {e g , 119, 120), the most suc- 
cessful being quite recent studies of Clyde Marshall (86, 87, 88, 89) 
and Tower (124) m the cat, and of Tower and Hines (125) in monkey 
By a retropharyngeal approach they sectioned the pyramidal pathways 
in the medulla as they emerge from the pons The motor paresis 
sustained in the monkey® was flaccid in character, and in cat less 
severe than that produced by a lesion of the motor area itself (see 
below) The smaller muscles of the extremities were pnmarily 
affected while gross movements, especially of the proximal muscles, 
still remained If the excitable frontal cortex were subsequently 

® In the cat the paresis was flacad in some positions (124) but Marshall (87) points 
out that flexor resistance is met when the ammal is suspended m a hammock with ex- 
tremities hanging pendant Both Tower and Marshall agree that when supme (unlike 
a corhcal rigidity (100)) the ammal’s extremities are completely flacad 
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rcmo\c(l after the pjraniidal tract has been Uius sectioned, tlierc was 
added motor deficit affecting more particularlj' gross movements such 
as flexion at hip and knee, and the extremity became somewhat more 
ngidin the pendant position (Marshall, 88, Tower, 121) Stimulation 
of area 4, after the pyramidal tract has beCn cut, caused primarj motor 
moi cments of a somewhat more complex type, a more intense stimulus 
causes an epileptiform scuurc (125) Never were single muscles ac- 
tivated, always complex movements, often, liowevcr, generalized 
. tnhtMwn of resting postures was seen Thus in an animal under light 
ttlier anaesthesia (in which clonus or spasticity may appear as a result 
of the anaesthetic), stimulation of area 4 will cause immediate inhibi- 
tion of clonus and posture (lower) Effects could also be demon- 
strated in the ipsllatcral extremity These extrapyramidal projec- 
tions from area 4 are, then, capable of exerting an inhibitory effect on 
postural responses, and the projections furthermore can mediate cer- 
tain gross types of volitional response 
Area 6 Field 6 which is m reality a continuation, functionally' and 
anatomically of the extrapyramidal component of area 4, is divided 
into several discrete regions area 6a (upper part) generally termed the 
“premotor” region, area 6a (lower part) and area 6b, each of these 
IS further subdivided as shown m figure 4 Ihe Vogts (127, 128), 
Foerstcr (36) and Bucy (17) have shown that faradic stimulation of 
the premotor region yields two spcafic types of somatic reaction 
(a) Area 6a (tipper pari) (i) Discrete responses Responses of 
individual muscles may be obtained on stimulating the posterior por- 
tion of area 6aa (upper part) similar in character to those obtained 
from area 4 The responses arc never quite so discrete, however, as those 
from area 4 itself, and there is a greater tendency to spread to adjacent 
muscles These individualized responses of area 6 depend upon the 
integrity of area 4, for they disappear when area 4 has been removed, 
they disappear also when area 6 is merely separated from 4 by a super- 
ficial cortical incision between areas 4 and 6 (128, 17, see also 30) 
Presumably, therefore, a system of transcortical fibers ansing in 6, 
passes superfiaally through the cortex to establish synaptic connec- 
tion w ith the Betz cells In man tlicse discrete responses arc obtained 
only from the posterior part of the premotor area (Foerster 36, 37, 38), 
the region designated by the Vogts as area 6aa (figs 4, S, 6) 
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lo sustaine<l, and somctimt.s long continued moeements, rh\llimic and 
coordinated in character, of lijia, tongue, mandible, phao‘" and larjns, 
I e , chening licbing, aalnation, awaltowing, maaticalion, croaUmg, giamt- 
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Ik 9 Ioirstfr's Tno RiMAHkAiiLt PiioTorR,\Piis oi an Adversine Seizure 
IlEGiNNaNr niTH Turning oj the Head and Laxs to the Side Opi osite the Lesion 

AND I OLI OAATD (LOIAXS V ICURE) DA COAII LFX MO\ 1 AIPNTS OP THE Skp EFT AL MUSCU 
lATURI rsirCIAELA OP THE OPPOSITE SiDF 


ing accompanied b\ noises resembling the smacking of the bps (37) Sim- 
ilar observations have been made in apes b\ Sherrington and Grunbaum 
(117), and bj Fulton and Dusser dc Barenne (45) who observed in a spider 
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monkey persistent chewing and swallowing movements associated with 
active salivation from stimulation of this area We have many times con- 
firmed the observation m the course of recent studies m this laboratory 
and would emphasize the perserverating character of the movements 
once started they may continue for an almost indefinite period of time 
The Vogts (128) observed that isolation of this area through incision of the 
cortex surrounding it does not alter the responses 

(d) Area 6bp Weak stimulation m this region causes slowing and a 
stronger stimulus complete cessation of breathing, whether begun m the 
phase of inspiration or expiration Occasionally, also, rhythmic move- 
ments of mastication are obtained m this region This has recently been 
confirmed m man by Bucy (unpublished), disturbances of the breathing 
movements, moreover, are well-known as “aura” preceding epileptiform 
seizures 

Closely associated with area 6b are the responses obtained from the 
frontal eye fields, generally known as area 8 

Aiea 8 The frontal eye field which was first accurately defined in 
chimpanzee by Sherrington and Grunbaum occupies a relatively small area 
of cortex lying just rostral to the motor face area (area 4c and area 6b), 
m the monkey it lies within the rostral crotch of the arcuate sulcus (figs 4 
and 6), and in man and chimpanzees it forms the posterior part of the second 
frontal convolution In the Vogt and Foerster maps of monkey and man, 
frontal eye fields are designated area 8a/35 

(a) Area 8a^8 Sherrington and Gnmbaum pointed out that faradic 
stimulation under light ether caused conjugate movements of the eyes to 
the opposite side In chimpanzee, gorilla and orang, Leyton and Sherrington 

(82) observed that opening of the eyelid could be obtained by stimulation 
over a fairly wide region corresponding to area but extending into the 
third frontal convolution (area 8a and area 9), closure of the eyes, especially 
the opposite one, was also obtained regularly m certain specimens, from a 
point far lateral on the hemisphere Conjugate movement of the eyes to 
the opposite side was commonly observed from the second frontal convolu- 
tion m the region corresponding with area 8a)35 Opening of the eyelids is 
generally associated with conjugate movements of the eyeballs In Sher- 
rington and Grunbaum’s experience, the movements are nearly always 
lateral Similar movements have been obtained from the occipital eye 
fields Dilatation of the pupils was occasionally induced from area 8a/35 
Foerster (36, 37) has stimulated area 8aj86 in man under local anaesthesia 
Strong conjugate deviation of the eyes to the opposite side was observ'^ed, 
in a few cases upiiard movements, and in one case downward The head 
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doesDOlparlicipitc in the reaction and ihcrcareno visual halluanations asso- 
ciated uith It as in the case of occipital lobe stimulation Epileptiform 
attacks have been induced in man through faradic stimulation, a seizure 
beginning nith clonic lateral movements of the eyeballs, and in a few cases 
the seizure was restricted to the cxtraocular muscles In general, however. 
It spread to tlie muscles controlled by area 6a^ (movement of the head to the 
opposite side) or to the face area Spontaneous focal seizures beginning 
with the eye muscles have frequently been recorded, and in such cases 
lesions have been found in the frontal eye field (37) 

(b) Area Sy The most lateral parts of tlie frontal eye fields occupying 
the posterior end of the third frontal convolution in man have been desig- 
nated area 87 by the Vogts (128) According to tlicse writers stimulation 
of area 87 inhibits rhy Uimic movements induced by stimulation of area 
6b Thus if mastication has been induced, stimulation of area 87 will 
inhibit the masticatory activity 

Areas 9, JO, 11, and 12 In our experience this large region of the 
frontal lobe is completely mcxcitablc at ordinary strengths of stimula- 
tion With very' strong stimuli, cyc-movements are sometimes pro- 
duced with adversive movements of the head After removal of areas 
6 and 8, these movements fail to occur and in the intact animal arc 
due undoubtedly to spread of current Eoerster states that in con- 
scious human subjects stimulation of the prefrontal area may produce 
unconsciousness (37) 

Areas 1, 2, 3 and 5 Graham Brown (IS) has obtained facilitation 
responses for excitable points in area 4, by stimulation of areas 1-2-3, 
but pnmary movements were rarely seen This general result has 
been confirmed by the Vogts (128) in the cercopitheque monkey, but 
they insist that with strong stunuli (10 to 20 times the intensity 
required lor area 4), discrete pnmary movements are sometimes ob- 
tained Foerster (36, 38) in a detailed study of the excitability of 
the human cerebral cortex under local anaesthesia finds, as wnth area 6, 
that stimulation of areas 1-2-3 and 5 give nse to discrete and complex 
movements, the former depending upon the integnty of area 4 
Sensory effects are also evoked from this region as wfas onginally dis- 
closed by Cushing 

Area 22 Stimulation of area 22, especially m its posterior part, 
gives nse to vertigo in man, and Foerster finds that pronounced motor 
effects are also obtained similar to those induced from areas 1-2-3 
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It IS not an e?caggeration to state that the human brain has been 
more thoroughly studied from the point of view of electrical excita- 
bility than that of the anthropoid ape Sherrington and Gnin- 
baum (117) and Leyton and Sherrington’s (82) studies were based 
upon some 15 anthropoids Our series has extended to 25 chimpan- 
zees and 4 orangs, but not all these were stimulated Foerster, on the 
other hand, has stimulated nearly 200 human subjects, exploring every 
accessible area of the cortex faradically and galvanically^ and he has 
meticulously correlated his findings with the known cytoarchitectural 
fields in man He concluded his lectures on the motor areas of 
man, given m 1931, as follows (36) ^ 

“Let me review briefly the efltects of stimulating the different motor 
areas 4, dace, 6aj3, 8, 3-1-2, 5a, 5b, and 22 We have seen that the areas 
4, 6aa and 3-1-2, react with single innervations of single muscle groups, of 
a single muscle or even a part of a smgle muscle The area 8 reacts with 
isolated movements of the eyes The isolated effects obtained by stimula- 
tion of the area 6aa and 3-1-2 are due to physiological transmission of the 
stimulation to area 4, i e , they depend upon the integrity of the area 4 
and its motor pathway, the pyramidal tract So we can say that the area 4, 
the area pyramidalis, is the specific area for isolated innervations 

“When area 4 or the pyramidal tract is destroyed, all the other areas 
6aj3, 5a, 5b, 22 (and the areas 6aa and 3-1-2 also) react with complex 
movements eyes, head and trunk are turned to the opposite side and the 
contralateral extremities achieve typical complex synergies, the flexor or 
the extensor synergy I call collectively all these cortical fields extra- 
pyramidal areas In figure 6 the pyramidal area is represented by the 
black area, and the extra-pyramidal areas are hatched 

“Both groups, the pyramidal area, and the extra-pyramidal areas, 
cooperate when voluntary movements are performed If area 4, the area 
for isolated mnervations is destroyed, the pyramidal tract is interrupted, 
isolated movements of single segments of the extremities can no longer be 
performed But voluntary mobility is by no means abohshed completely 
The movements which are performed under these circumstances are distinct 
and typical synergies 

’’ These lectures unfortunately were never published in detad The above quotation 
IS from a stenographic report of the Lecture which Prof Foerster has kindly allowed 
me to quote The matenal was agam summarized in Foerster’s Hughhngs Jackson 
Lecture in 1935 (38) 
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“(1) The flexor energy of the nrm, which is observed in each severe case 
of spastic hcimplcgia or tetraplegia, is composed of adduction of the upper 
arm, flexion of the forearm, pronation of the hand and flexion or extension 
of the fingers TIicsc figures equally demonstrate the flexor synergy 
of the superior extremity 

“(2) The extensor sjnergy of the arm is composed of adduction of the 
upper arm, extension of the forearm, pronation of the hand and flexions, 
seldom extension, of the fingers 

“(3) The flexor synergy is combined flexion and adduction of the femur, 
flexion of tlie tibia, dorsiflexion and supination of the foot and dorsiflexion 
of the toes The extensor synergy of the leg is composed of extension and 
adduction of the femur and flexion of the tibia and plantar flexion of the 
foot, the toes are flexed or extended 

“Furthermore, when in cases of destruction of the pjramidal tract a 
voluntary movement is to be achieved, the flexor synergy of the arm often 
IS combined with the flexor synergy of the leg, and vice versa the extensor 
synergy of the arm with that of the leg This can be well observed m 
hemiplegia When the leg is flexed the arm shows the flexor synergy also 
and when the leg is extended the arm is extended also In cases of spastic 
tetraplegia due to complete bilateral destruction of the entire py ramidal 
tract, all four extremities act together, whichever of the latter is moved 
voluntarily they are all flexed, if one single segment of one leg, for example, 
one foot IS to be flexed, or one arm is to be flexed They ore all extended if 
one single segment of one arm, for example, the forearm is to be extended 
These synergies performed when a single movement is to be achieved vol- 
untanly, reveal the specific functions of the extra-pyramidal motor areas ” 

3 Regional ahlalwn of the motor projection areas m chimpanzees 

Pnmary regional ablations have been made in 22 chimpanzees, 
34 secondary lesions have also been studied in the same animals * 
From the point of view of cerebellar function, the results obtained from 
lesions of the motor projection areas of the frontal lobes are of pnmary 
interest and will be desenbed m the greatest detail, considerations of 
space, however, demand that only those phenomena of immediate 

• A summary o! the pnmary ablation is given m table I and protocols concerning 
each animal -mil be found in the Appendix ObsenaUons on 9 of these animals have 
already been reported from the Laboratoiy (see the following papers 46, 47 77 118 
70, 68) Others of sigmOcance will be reported in due course > > ■ > 
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concern to cerebellar physiology be discussed. The motor area will 
be considered first. 

Area 4 Of the 10 cases of pnmary ablation of area 4a (leg repre- 
sentation), eight survived for three weeks or more, the longest survivals 
being nearly four years (see Appendix, nos. V and XI), During the 
first week after such a lesion the animal suffers a profound flaccid 
paralysis (47) but motor power returns after a variable interval, 
appearing first at hip, then at knee, and very much later, if at all, in 
the toes, » e , two to three months after the lesion A charactenstic 
flaccid monoplegia from area 4 lesion is shown in figure 10 The 
return of power is adequate to carry out such gross movements as are 

TABLE I 


Summary of pnmary regional ablations in chimpanzee cortex (see appendix) 
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concerned in walking and climbing After three to four months weak 
prehension usually returned m the toes, but finer movements were 
permanently abolished Only one animal of the series exhibited 
endunng spasticity (No IX) following an area 4 lesion, and in this 
instance the leg, arm and face areas were removed simultaneously ® 

• Dr Manon Hines (58) has recently made the important disclosure that endunng 
spasticity of the extensor muscles is produced in macaques by long narrow stnp lesions 
involving the antenor border of area 4a and b, and extending from the cmgulate to the 
angle of the arcuate sulcus just opposite the face area Spasticity does not develop if 
shorter stnp lesions are made, eg ,ol the antenor margin of area 4a Since Tower and 
Hmes (125) have found that pyramid section does not cause spastiaty in the macaque, 
It follows that the spastiaty which develops after Hmes’ stnp lesions must be due to 
interruption of extra-pyramidal projections from area 4, and possibly also to interruption 
of transcortical projections from area 6, rather than to mtemiption of the pyramids 
themselves 
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In man, following ksions of area 4a, Tocrslcr (18), Sadis (112) and 
\\ alslu (1 11) have rtporltd moderate degrees of spasticity, especialh 
of the distal joints (toes), but 1 oerster (37, 38) finds that extreme 
spasticiti in man conics onlv with more extensive lesions of the pre- 
central gxnis Tollowitig lesions of area 4a in diimpanrees the only 



Ik 10 \ CIl^R^CTtRxs■^c Tosturi of xitr Mosoiucic Hind Iiwn ot rni 
CuiMpANzn Iwo Wi,rKs aulk Kfmoval of Area 4 for tiif Lfg (No \) 

persistent reflex changes were the Babmski and Chaddock responses 
(114 77, 50), the tendon reflexes may after initial depression become 
slightly hyperactive Extensixe atrophy of the skeletal musculature 
IS common after area 4 lesions (No VII, Cf XIV), but not after 
postcentral lesions (sec I'lg 11) Ecsions of the arm representation 
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(area 4b) have not been studied extensively in chimpanzees (See 
No XI), but in monkeys flaccidity at the elbow and shoulder is 
seen after ablation of area 4b, the wnst and digits may show transient 
spasticity (Denny-Brown, unpublished) 

Area 6 Primary ablations restricted to area 6 (see Appendix 
nos XII, XIII, XIV, XV) cause a striking release of tendon reflexes. 



Fig 11 SHO\\I^G thl JMarked Atroph\ op the Lower Extrexhty after a 
Unilateral Lesion of the Left HExasPHERE Affecting the Prexiotor and 
Motor Area of that Side (No XIV) 

immediate spasticit}^ vasomotor disturbance, failure of previously 
acquired patterns of skilled movements and the phenomenon of forced 
grasping All these symptoms, except for the disturbance of skilled 
movements (68) are transient, and, as with forced grasping (107, 108, 
42), they recur after removing the premotor area of the opposite 
hemisphere (51 47, 78) We have several recent observations sug- 
gesting tliat it also recurs, after section of the cerebellar peduncles 
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Pnmarj' regional ablations of area 6 have been studied in four cliim- 
panzccs and secondary ablations of area 6 (» c , after area 4 or some 
other part of the cortex has been previously removed) in six animals 
The re/fcv changes are specific and striking, for m addition to forced 
grasping (107, 42) there is a great increase in tendon reflexes of all 
jomts, especially in Uie digits (the Rossohmo, the Hoffmann, Mendcl- 
Bcchtercw signs, and the fanning sign of Babinski) A comparison 
of the reflex changes in lesions of area 4 with those of area 6 is shown 
m table II Vasomotor disturbances which arc also striking sequelae 
of premotor lesions will be discussed below These reflex changes are 

T,\Bi n II 


Refer ehon^ei feUmne unttaterat up fee motor neuron lesions (eortieal) 
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• Depressed or absent in early stages follomng a motor area lesion 


evidently cxtrapyramidal in ongin, at least the cortico-spinal fibers 
of area 6, though present in small numbers in the monkey (74, 60, 62), 
have not been found in the chimpanzee 
Areas 4 and 6 When areas 4 and 6 are removed simultaneously 
(Nos XVI and XX), a flacad paralysis supervenes for two to three 
days (pyramidal sign), but marked spastiaty soon develops (extra- 
pyramidal sign), and the ultimate motor paresis is far more severe 
than that following lesions of area 4 or area 6 alone If area 6 is 
removed after area 4 as in Nos V and X (see fig 12), a previously 
flaccid extremity becomes immediately spastic and remains so 
Area 8 Area 8 has been excised in several instances (unpublished) 
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m monkeys, transient paralysis of lateral conjugate eye moveme; 
ensued with a hemianopic disturbance of object vision Fult 
Jacobsen and Kennard (51) observed the same phenomenon follow: 
unilateral extirpation of areas 8, 9 and 10 in monkeys, 2 e , for a per 
of 48 to 72 hours the animals were unable to carry out conjug 
movement of the eye to the opposite side In monkeys and n 



Fig 12 A Diagrammatic Representation op the Corticai, Lesions in a Chimpai; 

(No V) 

January 1st, 1932 , the left leg area 4 was removed and on March 4th, 1932, the r 
leg area 4 After each lesion the annual sustained an enduring flacad paralysis of 
opposite hmd extremity. On December 16th, 1932, the supenor part of the left i 
6 was removed and immediately thereafter the animal developed a strongly spastic r 
lower extremity which remamed spastic for over two and a half years at which time 
animal died 

(Foerster) the deficit, owing to bilateral innervation and supenmpo 
projections from the occipital areas, clears rapidly and complet( 
Areas 9 io 12 Primary regional ablations of the entire fror 
assoaation areas have been observed in two chimpanzees (Nos X'' 
and XVni) and secondary regional ablations in two additional ca 
(see especially No XI) In no one of these ammals did reflex chan 
occur as the result of primary regional ablation, there was no me 
deficit and no change in posture or vasomotor condition of the extre 
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ties In one ease of secondar> ablation of areas 9 to 12, tlicrc was 
slight increase in tendon reflexes and augmentation of spasticity 
(No XI) on the side opposite to the lesion, but this may well have been 
due to concomitant injuij' to area 6 tissue which had been incompletely 
removed at an earlier operation In more than 30 monkeys in whicli 
regional ablations of frontal association areas have been made as a 
pnmary procedure, no reflex or postural changes were observed (sec 
51, 69, 70) 

Areas J, 2, and 3 Pnmarj' removal of areas 1, 2 and 3 have been 
earned out in two chimpanzees (Nos XIX and XX) Ihe animals 
suffered marked disturbance of motor movements in the opposite 
extremities with evident sensory loss, especially position sense After 
two or three w eeks, however, they compensated in large measure for 
the sensory deficit, and their motor deficit also cleared, though residual 
awkwardness of movement remained The effects cannot be due to 
cncroadiment on area 4 for, despite the grave cliaracter of the hemi- 
paresis dunng the first week after tlie lesion, there was no evidence of 
a Babinski response The ammals furthermore hove not shown atrophy 
of their musculature, and tlierc was no obvious vasomotor disturbance 
Dr Earl Walker (unpublished) has pointed out, however, that some 
postural disturbance was present m the form of slight extensor 
spastiaty of the upper extremity Similar observations have been 
made by T C Ruch (llO) m five monkeys trained in problems of 
weight discrimination 

Areas 5 and 7 Pnmary removal of areas 5 and 7 have not been 
earned out, in one chimpanzee after simultaneous extirpation of areas 
1, 2 and 3, simultaneous removal of 5 and 7 caused but little additional 
motor or postural disturbance (No XX) 

Areas 17 and 18 In one chimpanzee the whole occipital lobe was 
removed from one side and area 17 (area stnala) from the opposite 
side (No XXII) The animal sustained no trace of motor or postural 
defiat or vasomotor cliange in the extremities as the result of the 
procedure 

Area 22 This region has been removed secondanly m one chim- 
panzee (No XIX) and no ensuent motor or postural deficit could be 
detected, and there was no evidence of subjective vertigo 
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4 Complete paralysis of vohhonal movements from cortical lesions 

If the pnmary mamfestations of cerebellar lesions are caused by 
voluntary innervation emanating from the cerebral cortex, it becomes 
a problem of first importance to determine what cortical areas must be 
destroyed to bring about complete abolition of all volitional movement 
Expressed more simply “When power returns after complete removal 
of the motor area, what part of the brain is responsible for taking over 
the functions of the ablated region?” The question has not yet been 



Fio 13 The Characteristic Stereotyped PosTosE OF A Monkey FROM Which Areas 
4 AND 6 Have Been Removed trom Both Headspheres 
Note that the undermost extremibes are extended and the digits relaxed The 
uppermost extremities are flexed and both exhibit forced grasping When the animal 
IS turned over the posture becomes reversed 


adequately answered in chimpanzees, but as far as monkey is con- 
cerned, the indications are as follows 
When area 4 has been removed, a macaque ultimately regains motor 
power in its extrermties and, unlike the chimpanzee, may even regain 
the use of its digits After several months small objects such as grains 
of nee can be picked up by a monkey with area 4 completely removed 
on both sides If now one removes area 6a (upper part) after bilateral 
ablation of area 4, the ammal suffers marked additional motor deficit 
on the side opposite to the area 6 lesion, in the course of several more 
months, however, the animal recovers extensively, and all four extremi- 
ties may be used to some extent in voluntary movements, neck and 
labyrinthine reflexes are absent If area 6a (upper part) is removed 
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from the remaining hemisphere of an adult animal (76), thus producing 
a bilateral area 4 and 6 preparation, the creature lapses into a state of 
profound voluntary paralysis from ivhich, if the ablations arc complete, 
the animal does not recover (9, 43) Sucli a preparation may exhibit 
forced grasping permanently and other stereotyped postural patterns 
Tvhicli vary with the animal’s position in space (fig 13) The Magnus 
and de Kleyn reflexes, tliough generally present, arc variable 

Such preparations, indeed, appear to be similar ns far as tlieir postural 
reflex status is concerned v.ilh a thalamic monkey (9, sec 84) However, 
in the one chimpanzee tthich has sustained unilateral decortication (No 
XXV), tlie motor deficit and the spasticity Mere somewhat more intense 
than in the two animals (Nos XIII and XX) from which areas 4 and 6 had 
been removed from one side This suggests that in the higher forms the 
parietal and temporal projections may play some part in postural and even 
m voluntary adjustments The bilateral area 4 and 6 monkey has variable 
Magnus and de Kley n reflexes, suggesting that they may be somewhat re- 
strained by the postcentral or temporal regions 

On a priori grounds, then, one would expect that an animal having 
any part of its motor projection areas intact, especially areas 4 and 6, 
would exhibit cerebellar tremor 

IV COMBINED LESIONS OF CEREBRAL nrsnSPHERES AND CEREBELLUM 
IN THE MONKEY 

When a cerebellar syndrome is well established m a monkey and the 
animal has reached a steady neurological status, one may examine the 
effects of regional ablation of the various excitable areas of the cerebral 
cortex An investigation of this character was earned out in my labor- 
atory last year by Dr Charles Anng He established the cerebellar 
syndrome both by deccrcbellation, and (more frequently) by section 
of the peduncles on one side Cortical ablations were then made in 
the opposite hemisphere The observations may be summarized as 
follows (S) 


1 Area 4 ablation dtimnislics cerebellar tremor 
Since the tremor of a cerebellar lesion occurs only when voluntary 
movements are present, it was natural to expect that ablation of the 
motor area might abolish the phenomenon However, as already men- 
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tioned (p 253) this proved not to be the case. If, sometime after 
hemi-decerebellation, area 4 was removed from the contralateral side 
(sparing head representation to facilitate postoperative care), cere- 
bellar tremor was transiently abolished in the affected extremities 
For several days after the motor lesion the animal exhibited a marked 
paresis of the contralateral extremities and used its unaffected extremi- 
ties for skilled movements The paretic limbs were first used as props, 
and later employed rather awkwardly in climbing and walking With 
gradual return of motor power the cerebellar signs, at first abohshed 
by the motor lesion, became more evident, but they never reached 
their former intensity, however, if a third lesion was made in the 
remaining motor area, the originally hemiparetic extremities were then 
used more actively, and cerebellar signs, especially tremor became con- 
spicuous and remained so 

Z Bilaieral motor-preniotor ablation abolishes tremor 

The results of regional ablations of area 4 made it essential to deter- 
mine whether cerebellar tremor could be abolished completely by a 
lesion restricted to the cerebral cortex If areas 4 and 6 of one hemi- 
sphere were simultaneously removed in their entirety, cerebellar tremor 
was then virtually abolished for several weeks Slight tremor even- 
tually returned, however, as in the decorticate cat; the temporal rela- 
tion of this tremor to the movements being carried out in the contra- 
lateral extremities suggested that it arose from ipsilateral cortical 
innervation It was therefore evident that tremor could not be com- 
pletely abolished by removal of areas 4 and 6 from one heimsphere 

In two monkeys, however, in which the motor and premotor areas 
were removed from both sides, cerebellar tremor was abolished for as 
long as the animal survived As far as its effects on motor activities 
are concerned, ablation of areas 4 and 6 together appears to be equiva- 
lent to removal of an entire hemisphere It is of some interest in 
passing to note that the postural status of the decerebellate bilateral 
area 4-and-6 monkey closely simulates that of a decerebrate monkey, 
except for the sluggish character of the Magnus and de Kleyn reflexes 

3 Isolated premotor ablations augment cerebellar tremor 

Clmical neurologists have frequently pointed out that many frontal 
lobe lesions may simulate lesions of the cerebellum, but it is perhaps 
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not so ncll-knonn that in the rare eases of cerebellar atrophy m man 
m winch frontal lobe atrophy subsequently develop (sec Dcmolc, 26) 
marked accentuation occurs of all previously established cerebellar 
signs In view of the diminution of cerebellar tremor wnth area 4 
lesions, it was surpnsing to find that primary cortical ablations re- 
stneted to area 6, unlike those of area 4, cause a similar augmentation 
of cerebellar signs In three sucli animals avcision of the contralateral 
premotor area restored the neurological state present immediately 
after the cerebellar operation Compensation for cerebellar deficit 
would appear, therefore, to be due in part at least to integrations 
occumng in area 6 Some compensation, to be sure, takes place in 
the absence of the premotor area, but this is minimal as compared with 
the degree of recovery obscried in ammals in whicli area 6 is mtact 
If the cxpcnmental lesions were made in the opposite sequence, 
X c , area 6 ablation followed by section of contralateral cerebellar 
peduncles (three animals), the cerebellar signs following the second 
operation w ere more lasting and the compensation for the cerebellar 
deficit was less complete and less rapid than that following an isolated 
cerebellar lesion 


4 Lcsxons of other areas 

After the establishment of a full-blown hemiccrebellate picture in 
two monkeys (section of peduncles) simultaneous removal of areas 9, 
10, 11 and 12 caused no change whatsoever in cerebellar signs Since 
these areas are inexcitablc electncally, it seems caident that they play 
no part in compensating for cerebellar deficit 
The occipital lobe has been removed from one decerebellate animal, 
ivithout change m tlie cerebellar picture, but as yet no observations 
have been made on temporal or panetal extirpations in such prepara- 
tions It IS probable that the panetal lobes play some part in the 
compensatory activities 


5 Discxtsston 

Foerster’s analysis of the excitability of the human bram together 
with the recent ablation studies in chimpanzees have focussed atten- 
tion upon the extrapyramidal projections from the cortex Though 
long recognized as anatomical entities, no senous attempt had been 
made pnor to Foerster’s work to link these projections functionally 
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with the extrapyramidal system of the classical neurology The influ- 
ence exerted by these projections upon the postural reflexes, together 
with their actual anatomical connections with the corpus stnatum and 
the tegmental nuclei proclaim their functional unity Indeed it would 
appear that just as cerebellar signs are the mamfestation of imperfect 
compensation by the extrapyramidal areas of the cortex for cerebellar 
deficit, so the extrapyramidal syndromes, such as athetosis and Parkin- 
sonism, are, by the same reasoning, to be regarded as manifestations 
of the inadequate compensatory activity of the cerebral hemispheres 
This idea has evidently been in the minds of Sachs (112) and others 
who have dehberately sacrificed part of the motor area in cases of 
hemiathetosis, if one were to comment upon such a procedure, it is 
obvious that static paralysis is less disturbing than a hyperkmetic 
athetosis or torsion spasm, but I venture to think that, except for such 
hyperkinetic syndromes, the new conception of extrapyramidal rela- 
tionships will add more to a fundamental understanding of the function 
of the nervous system than it will to the therapy of extrapyrarmdal 
disease 

The fronto-ponto-cerehellar system’ Thus far no mention has been 
made of the fronto-ponto-cerebellar system I have deliberately 
avoided mentioning this anatomical pathway because so little is known 
concenung its site of origin Dr Botterell has recently attempted to 
trace the early literature of the subject, finding that the numerous 
statements concerning the fronto-pontile pathway appear to go back 

'“A sinular conception has been elaborated independently from cbmcal data by Kinnier 
Wilson (138) who after discussing choreo-athetosis remarks (p 231) “Thus, in a defimte 
sense, choreo-athetoid activity is the activity of cortical reflex arcs, the movements 
have cortical quabty and yet they are involuntary 

“Over this mechanism transcortical (voluntary) inhibition has very imperfect control 
It IS a particular case of the general problem presented by the question of voluntary control 
over an involunlartly decontrolled mechanism (see page 250) If the views here ofiered can 
be reasonably entertained, they lead to the conception of the possibihty of involuntary 
cortical motor activity — a natural development of the hypothesis I have suggested As 
far at least as chorea is concerned, the conception appears to me to have much to justify 
It, and little less in respect to athetosis The spontaneous activity of choreo-atheiosis, 
thus conceived, is nought else than a succession of cortical reflexes, high-grade movements 
largely comparable to those called voluntary except that the patient's volition neither initiates 
nor inhibits them " 

If in this passage one substitutes “extrapyramidal” for “mvoluntary” the conception 
coinades with that just stated 
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to tliree or four onginal observations — no one of them an exhaustive 
studj remer and Turner (34) m the monkey, and \ on Monakon (97) 
and Ddjenne (25, pp 73, 136) in clinical cases Ihc clinical studies 
indicate that part at least of the fronto pontile connection takes ongin 
anterior to area 4 and \on Monakou’s case vas restricted to the second 
and third frontal con\olutions Several authors (von Economo, 32) 
state that they take ongin exclusively from this region Others have 
suggested that they come from the Rolandic operculum and the adja- 
cent part of the frontal operculum (Dejenne) Actually no preasc 
data are available concerning their ongin in man and monkey Most 
authors agree that the tract passes through the medial third of the crus 
cerebn, but Levin (80) in a recent study on the monkey, states 
that the fronto-pontile connection anses from both areas 4 and 6, 
passing to the pons via the mesial three-fifths of the crus cercbn, and 
a fine fibered tract from areas 9, 10, 11 and 12 passes in the most medial 
fifth The recent comparative study of Abbie (1) indicates that 
marsupials have a fronto pontile tract (exact ongin not stated) and 
that the monotrerocs have none 

A further difficulty anses in relation to the pyramidal tracts them- 
selves Cajal pietMrcs Betz cell axoncs as Mvirtatmg in the pons and 
the branches establishing synaptic connections with the pontile nuclei 
Taking all the evidence together it is clear that there is an extensive 
cxtrapj'ramidal connection in monkeys and man, passing via the pon- 
tile nuclei through the cerebellum from both areas 4 and 6 and possibly 
from area 9, in addition, if Cajal’s observations are given credence, 
area 4 establishes connection with the cerebellum through dichotomy 
in the pons in the fibers of the corticospinal system 
A projection from the temporal lobe also goes to the pontile nuclei 
(see Mettler, 93) passing on the lateral side of the crus cerebn 
Cerebellar "hypotoma ” The problem of "hypotonia” m relation 
to the cerebellum also demands bnef discussion If spastiaty is pro- 
duced by removal of areas 4 and 6, the spastic resistance of the extremi- 
ties IS invanably increased on section of the cerebellar peduncles (cat 
and dog) In climcal and early cxpenmental literature active dis- 
cussions have occurred as to the cause of the so called "hypotonia” 
present after removal or extensive injury of the cerebellum (see 41, 
Ch XX) Recent studies m cat and dog indicate that complete 
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removal of the cerebellum, tf earned out without injury to the vestibular 
nuclei, mvanably cause an increased extensor posture of the extremi- 
ties — never “hypotonia ’ ’ F rom this several physiologists have drawn 
the unjustified conclusion that clinical hypotonia so vividly described 
by Gordon Holmes (63) in cases of gun-shot injuries of the cerebellum 
must be due to vestibular injury This conclusion does not follow 
from the evidence, and there are already substantial indications that a 
sharp distmetion must be made between the functions of the two parts 
of the cerebellum in the higher forms, even in chimpanzee, a lesion of 
the cerebellar hemisphere, which in no way involves the vestibular 
nuclei, causes dimi nished resting posture of the extremities on the 
same side Since the neocerebeUum is probably connected intimately 
with the pyramidal system whose section in primates gives flaccid 
paralysis, I would venture the suggestion that in the higher forms 
interruption of the pyramidal system, or of its neocerebellar ramifica- 
tions will also give nse to clinical “hypotonia” , whereas disturbance 
of the extrapyramidal projections or of their associated outflow from 
the paleo-cerebellum will give rise to augmented postures 

V AUTONOMIC REGULATION 
1 The cerebral cortex 

Consideration of the functions of cerebrum and cerebellum would be 
incomplete without brief discussion of autonomic functions It be- 
came obvious early in the study of regional ablations both of monkeys 
and chimpanzees that lesions of area 6, and occasionally those of area 4, 
gave rise to vasomotor disturbances which could not be accounted for 
on the basis of the resultmg somatic paralysis The problem clearly 
merited further investigation and has been analyzed both by stimula- 
tion and ablation 

Stimulation. Assignment of autonomic function to area 6 is new, 
but the fact that the cerebral cortex influences autonomic functions 
was disclosed within a few years of the discovery of the motor area by 
Fritsch and Hitzig in 1869 Almost immediately attention came to 
be focussed upon the visceral as well as the somatic reactions evoked 
on faradization of various parts of the cerebral mantle Bechterew (7) 
reviewed the subject in 1911 and m a review from this Laboratory some 
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two hundred references to observations on the autonomic functions of 
Uic cortical areas have been collected (48) 

In 1875 Scliiff (llS) and Danilensky (24) mdcpcndentlj reported 
changes in heart-rate and the blood pressure from stimulation of the 
frontal lobe of dogs The results w ere confirmed by numerous investi- 
gators some of nhom had used curanzed animals which indicated that 
the changes w ere independent of somatic movement The most pene- 
trating early study, howceer, was that of Stneker (122) in 1886 — the 
Stneker who first proved the independent contractility of the capil- 
lanes After making a systematic stud> of the lower vasomotor 
centers, Stneker found that a nse of blood pressure could be obtained 
on stimulating the antenor part of the corpora quadngcmina From 
the motor area of the cortex, he regularly obtained a nse of blood pres- 
sure whidi occurred after a longer latency than when the lower centers 
were stimulated, but he did not obtain a change in the pulse rate 
From other areas Stneker observed falls m blood pressure His 
experiments were well controlled and as a result of them he enunaated 
the view that the cortex contained vasoconstnetor as well as vaso- 
dilator representation 

Unfamiliar with these early studies, and motivated by the observa- 
tion that vasomotor disturbances follow cortical ablation, E C Hoff 
and Green (61) dunng the past year have undertaken a series of expen- 
ments on curanzed cats and monkeys Tbc> have been able dearly 
to demonstrate pressor as well as depressor points on weak faradic 
stimulation In the cat the pressor points arc sharply circumscnbed 
and extraordinarily responsive Thus, nses of as much as 100 mm 
of mercury within two to three seconds from the onset of stimulation 
have been recorded Points situated less than 2 to 3 mm from the 
pressor points have given falls of blood pressure On applying nuper- 
caine to the active points the response failed, but on plunging the 
electrodes into the cortical substances several millimeters the responses 
again appeared, indicating its cortical origin The reflex nses of blood 
pressure from stimulation of the dura itself are much slower to develop 
and far less m magnitude than those from the pressor points Changes 
of heart-rate have generally not been observed until after the nse of 
pressure has recurred, in which case it is attnbutable to a depressor 
reflex However, when the stellate ganglia are first removed, cortical 
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stimulation may cause a direct fall m pulse rate and when the vagi 
have been sectioned, the stellate remaimng intact, certain points 
appear to give increase in pulse rate Further analysis of the problem 
from the point of view of precise localization, particularly in the mon- 
key are being continued, and as far as the monkey is concerned, the 
principal responses are obtained from area 6 

Other aspects of cortical autonomic regulation have been investi- 
gated by stimulation but it wiU be impossible here to review them in 
detail Sheehan (116) has found that penstalsis in the stomach of a 
recently fed animal can be readily inhibited by cortical stimulation, 
and Watts and Fulton (136) have observed increase in peristalsis in 
the small intestines of monkeys from cortical stimulation (see 134 
and 135) Salivation can be produced from area 6a (lower part) and 
changes in respiration from area 6b Contractions of the uterus were 
produced by Bechterew (7) and parasympathetic changes in penis 
and vagina 

Ahlaiion The first observers to record the existence of autonomic 
disturbances with cortical lesions were the clinical neurologists of the 
last century Chevallier (23), Nothnagel (99), Hughlings Jackson (67) 
and Gowers (55) reported mso7twt^r changes in hemiplegic extremities 
Jackson, moreover, had observed such changes in purely cortical 
lesions In his account of such disturbances Gowers was careful to 
point out that they were of a fluctuating character, the paralyzed 
extremities generally bemg warmer than the normal extremity dunng 
the first months after a hemiplegia, and then gradually becoming 
cooler (see Weiss and Elhs, 137) The fluctuating character of these 
disturbances has again been emphasized recently by Carmichael and 
his coworkers (123, 126) but despite their painstaking observations 
of the phenomena they have failed to elucidate the nature of the 
disturbance Perisson (101), a French neurolo^st, attempted to 
correlate vasomotor disturbance with the character of the paresis, i e , 
he believed that the spastic hemiplegias showed increased temperature 
and the flaccid hemiplegias a decreased temperature If this were so it 
might be that the thermal change was a purely secondary effect upon 
the disturbance in muscular innervation However, it was later 
pointed out that Pensson’s theory would not hold, because sometimes 
in a hemiplegia the upper extremity was wanner than normal and the 
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low cr extremity cooler even though they w ere both spastic to the same 
degree 

Recently Toerster and Kennard (39) have studied 32 patients, the 
majonty of whom had old war wounds of Uie cortex In 12 of 14 
patients with longstanding lesions of the excitable cortex (areas 4 
and postenor part of 6) there was a constantly lowered temperature 
on the paretic side of the body In two recently hemiplegic patients 
the temperature was increased Nine patients with vanous other 
cortical lesions showed no detectible vasomotor disturbance 

Experimental analysis of the problem had until recently been very 
meager, apart from the early study of Eulenburg and Landois (33) 
who found an elevated temperature in the extremities of dogs after 
cortical lesions Iwoyearsago Pinkston, BardandRioch (102)madc 
a detailed and highly important study in dogs on the influence of corti- 
cal lesions upon heat regulation They found that removal of the 
cortex on both sides caused chronic vasodilatation, disturbed panting 
reflexes (slow and less responsive to nses m body temperature) and 
excessive shiv cntig in response to cold They found furthermore tliat 
removal of the frontal lobe was sufficient to bring on this state of vaso- 
dilatation of the extremities (102, p 524) Pinkston, Bard and Riocli 
concluded that the highly integrated mcdiamsm of heat regulation in 
the dog depended upon the integrity of the cerebral cortex It 
should be noticed that in the realm of heat regulation autonomic 
and somatic integration occur concomitantly, c g , vasomotor changes 
and shiv enng 

Somewhat before Pinkston, Bard and Rioch’s work was undertaken, 
Kennard (73, 75) had observed the vasomotor effects of cortical lesions 
in monkeys She noted in 1932 after lesions of the premotor area, 
chimpanzees exhibited a fall of skin temperature in the paretic ex- 
tremity (73) Kennard studied the phenomenon in some detail finding 
that the animal failed to show reflex vasodilatation when placed in a 
warm atmosphere She found that tlie effect was specific to area 6 
and could not be obtained from destruction of any other part of the 
cerebral cortex except that occasionally lesions of area 4 produced a 
slight, and usually transient, disturbance (75) The dog thus behaves 
differently from the monkey following a cortical lesion From obser- 
vations on stimulation it is evident that the cortex exercises some 
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regulatory control both upon the vasodilator and upon the vaso- 
constrictor mechanism, and Pinkston, Bard and Rioch point out (102, 
p 523) that in the dog the vasoconstrictor control appears to be 
dommant 

It might still be urged that these vasomotor changes are secondary 
to motor paresis That this is improbable is indicated by the different 
effect m dog and monkey (even though the somatic effects are similar), 
and the fact that in man the thermal changes are opposite to what one 
would predict on the basis of the somatic change i e , immediately 
following a hemiplegia in humans when the extremities are still flaccid, 
the skin temperature is increased, and when the extremities become 
spastic, the skin temperature tends to dimimsh and ultimately to 
become less than before Furthermore in the monkey following an 
area 6 lesion, the vasomotor disturbance can be demonstrated long 
after the somatic paresis has passed off (75). 

Anng (4) in a recent analysis of abnormal shivering in monkeys 
and chimpanzees has found that lesions of area 4 and of no other part 
of the cortex cause excessive shivenng responses on slight lowering 
of the environmental temperature 

Andre-Thomas (2) and Bnckner (12) have pointed out that in 
hemiplegics there is generally a markedly exaggerated pilomotor reflex 
on the paretic side This is best brought out by scratching the skin 
of the neck or pressing on the upper margin of the trapezius muscle. 
I know of no experimental studies on this point, but Dr Earl Walker 
has recently observed a similar phenomenon m a decorticate baboon. 
Unfortunately we do not know the cortical areas involved 

Sudomotor and gastromtestinal changes are common after cortical 
lesions and they have been recently discussed by several authors (75, 
135, 136) including Watts (134), but it is beyond the scope of this 
lecture to discuss them m detail Watts and Fulton obtained marked 
increase m peristalsis of the small intestmes on stimulation of area 6 
Sheehan observed the stomach of fed monkeys could be inhibited from 
the same region (116). 


Z The cerebellum 

When communicating a paper this summer at the International 
Physiolo^cal Congress in Leningrad on the significance of overlapping 
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autonomic and somatic representation in the premotor area, it was 
mentioned that the premotor region of the cerebral cortex ap- 
peared to be the only part of the nervous s>stem m which the auto- 
nomic and somatic systems had a focus of common integration Almost 
the next paper on the program by Voronine and Zimkine (139), pupils 
of Orbeli, had to do with autonomic responses from cerebellar stimula- 
tion Tliey had found, following deccrcbcllation, that animals gen- 
erally axhibited prolonged constipation — an observation wliicli I can 
confirm— -but I had attached no significance to it until heanng Vor- 
onine and Zimhine’s paper They also found, in wdl-controllcd and 
technically faultless experiments, that stimulation of the cerebellum 
caused marked inhibition of peristaltic movements of stomacli and 
intestines, an effect similar to tliat which Sheehan (116) obtained on 
premotor stimulation In view of tlic intimate structural and phylo- 
genetic relations existing between these two parts of the brain, the 
result IS not surprising, indeed there is some reason to believe that any 
form of representation existing in the motor regions of the cerebral 
cortex probably also exists in the cerebellum, and I would not be 
surpnsed if further investigation would lead us to a conception of 
ataxia and asyncrgia in autonomic regulation similar to that now held 
for cerebellar disturbances m the somatic sphere 

J Discussion 

Vasomotor disturbances of cortical origin have thus been demon- 
strated both in ablation and by stimulation Gastromtestinal repre- 
sentation has also been demonstrated in cerebellum and cortex by 
both methods, and pilomotor and sudomotor disturbances have been 
seen following cortical ablation In attempting to interpret these 
disclosures, attention is attracted first of all by the rather stnking fact 
that somatic representation and autonomic representation overlap 
anatomically, most notably in the premotor region and apparently 
also in the cerebellum From the same point which yields a rise of 
blood pressure complicated patterns of somatic response are readily 
obtained Not only is there overlapping m the somatic and auto- 
nomic spheres, but there is likewise overlapping in the sympathetic and 
parasympathetic components of the autonomic representation Thus 
in pomts intermediate between those which give rises and falls of blood 
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pressure, algebraical effects are frequently obtained as indicated by a 
slight dip followed by a slight rise in pressure Sympathetic and 
parasympathetic representation have been separated and independent 
studies carried out through atropinization and penpheral nerve 
section (61). 

Little can be said as yet concerning the pathways of autonomic outflow 
in the cortex. The recent important studies of Ranson, Kabat and Magoun 
(106) and of Kabat, Magoun and Ranson (71) on electrical stimulation of 
points in the forebrain and midbram suggest that a cortical pathway de- 
scends through the internal capsule to the septum and then to the 
hypothalamic areas, and it is undoubtedly significant that anatomical 
connections between the cortex and hypothalamus have been descnbed by 
Woollard and his co-workers and by Mettler (92) and others as passing 
through the septum, some passing through the septal nuclei and some 
directly to the zona mcerta. 

The significance of this overlapping representation lies in the fact 
that it makes possible simultaneous integrations in the autonomic 
and somatic spheres To take a single example, Pinkston, Bard and 
Rioch (102) indicate that heat regulation which involves somatic, 
sympathetic and paras 5 Tnpathetic mechanisms is dependent for its 
final adjustment upon the cerebral cortex Reflex dilatation in the 
dog and reflex vasoconstriction in the monkey become paralyzed fol- 
lowing lesions of the excitable cortex, excessive shivering also results 
when the motor cortex is disturbed, and panting, the mechanism of 
heat loss in the dog, is also impaired Here then we have a highly 
organized regulatory mechanism involvmg all parts of the motor out- 
flow of the central nervous system, aU integrated at the cortical level. 
May it not also be that somatic movements are accompamed by appro- 
pnate autonomic adjustments emanating from the frontal lobes, blood 
flow in the muscle, or changes of heart rate at the onset of movement? 

VI SUMMARY 

Neurologists have frequently suggested that intention tremor, the 
outstanding symptom of cerebellar deficit in man, is caused by imper- 
fect compensatory activities of the cerebral hemispheres Expen- 
ments indicate (1) that in cat, dog and monkey tremor comes on after 
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dcccrcbcllation, only i\nth the return of volitional movements, and 
(2) that after removal of both hemispheres from a deccrcbcllatc cat 
tremor is cntirel> absent from all reflex movements 
In pnmates the motor regions of the cortex which may be involved 
in this imperfect compensation fall into two groups (designated in 
accordance with Brodmann’s cytoarchitcctural schema) the pyramidal 
region (area 4) and the cxtrapyramidal regions (areas 6, 8, 1-2-3, 5, 
7 and 22) All these areas may play a part in the cerebral cerebellar 
interrelationship, but only those of the frontal lobe, t c , areas 4, 6, 
and 9-10-11-12 have thus far received detailed study (monkeys) 
In a dccerebellatc monkey, a cortical lesion of area 4 transiently 
dwnmshes, but never entirely abolishes, cerebellar tremor, removal 
of areas 4 and 6, however, is equivalent in its effect upon tremor to 
ablation of an entire hemisphere, the tremor being abolished for two 
to three weeks, slight tremor may ultimately reappear, evidently from 
ipsilateral innervation, since bilateral removal of areas 4 and 6 abol- 
ishes It permanently 

Isolated removal of area <f of a dcccrebelhte monkey, on the other 
hand, is followed by augmenlalwn of cerebellar tremor Thus the 
premotor region evidently plays an important part in compensating 
for cerebellar deflat 

The cerebral cortex also regulates certain autonomic functions In 
dog ablation of the hemispheres on both sides leads to (1) excessive 
shivering in response to cold, (2) an abnormally high threshold for 
panting, and (3) chronic vasodilatation of the skin, i e , the skin 
vessels arc unresponsive to cold (102) In monkey and chimpanzee, 
area 6 is more intimately concerned with similar autonomic functions 
than area 4, as is evident both from ablation and stimulation 
In monkey hcmidecortication, or removal of area 6 alone, leads to 
gastrointestinal irregulantics, paralysis of reflex vasodilatation and 
other disturbances which would affect heat regulation 
In well-controlled experiments Orbeli and his pupils have recently 
observed disturbances of autonomic function on stimulation and abla- 
tion of the cerebellum 

The coexistence m the same anatomical area of the cortex, as well 
as m the cerebellum, of autonoimc and of somatic representation makes 
possible sunultaneous and appropriate adjustments such, for example 
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as are necessary for heat regulation and somatic movement Un- 
doubtedly this overlapping also facilitates other corticaUy integrated 
reactions affecting both spheres of nervous outflow The demonstra- 
tion of automatic representation in the cortex thus becomes a disclosure 
of wide biological significance, and it bears eloquent testimony to the 
exquisite unity of adjustment in the livmg organism 
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APPENDIX 

The following protocols contain brief summaries of all operations (56) 
performed on 25 chimpanzees between October, 1930 and rcbniary 15th, 
1936 Every chimpanzee used during this period is included except for ten 
unoperated specimens which are now under training in the Laboratory 
Unless otherwise stated operations were earned out under sodium amytal 
anaesthesia 

The character of the disturbances m reflexes, posture, and autonomic 
function following each procedure is stated, special attenbon being given 
to the occurrence of spasticity or flaccidity In the headings to the protocols 
the sex, estimated age and actual weight at the time of first operation are 
indicated All specimens were sexually immature unless otherwise stated 
Indication is also given of those animals which have previously been de- 
senbed from the Laboratory Autopsy reports are given for the first tune 
on the chimpanzees “Yama” (V) and “Mussai” (XI) which survived 5 
years and 4 years respectively, and have been the subject of several reports 
from the Laboratory More detailed reports will be published in due 
course in the cases of Nos VII, Vm, DC, XIV, XV, XVI, XDC, XX 
and XXV which are described here for the first time 

The experiments are divided into five groups m accordance with the site 
of the primary operation i e , (1) Area 4, (2) Area 6, (3) Areas 9, 10, 11 
and 12, (4) Areas 1-2-3, and (5) other areas 
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ABLATIONS OF AREA 4 (lEG) 

I JOE Male, 5 yrs old, wt 13 kg , rec'd Oct 14, 1930. 

Left area 4a {Dec 3, 1930) — ^This, the first chimpanzee of our senes, had its 
leg representation (area 4a) removed from the left hemisphere under Dial anaes- 
thesia The ammal sustained an endunng monoplegia of the nght lower extrem- 
ity, flaccid in character, 24 hours after operation the animal showed an unmis- 
takable Babmski response which increased in intensity and ease of ehcitation 
durmg the first week after the operation This was the first time a Babinski re- 
sponse had been produced expenmentally in an infrahuman pnmate Motor 
power at hip began to return on the 8th day and thereafter recovery proceeded 
distally but no voluntary power was observable in the digits up to the 47 th day 
when the next operation was performed 

Right area 4a {Jan 21, 1931) — ^After removal of area 4a from the right hemi- 
sphere there followed a similar flaccid monoplegia in the left leg with an endur- 
ing Babmski response accompamed by exaggeration of the Babmski in the nght 
leg Both lesions encroached somewhat on area 6 which undoubtedly accounts 
for the lateral deviation of the toes and the fanning sign of Babmski which this 
animal showed after the second operation The animal continued under observa- 
tion until Aug 6th, 1931, dunng which time the Babmski response remained posi- 
tive on both sides, spasticity failed to develop, and little voluntary prehension 
of the toes was regamed The left cervical sympathetic was cut on Feb 13th, 
1931, and the animal was lost on the operatmg table Aug 6th, 1931, when an 
attempt was being made to remove the right cerebellar hemisphere A full report 
of this experiment has already been pubhshed (46, Experiment 14) 

II SIS Female, 4 yrs old, wt 13 kg , rec'd Oct 14, 1930 

Left area 4a {Dec 31, 1930) — Area 4a was removed from the left hemisphere 
under Dial anaesthesia, a Babmski response appeared within 24 hours, as in the 
preceding experiment, together with a conspicuous flaccid monoplegia of the nght 
limb Volitional movements of the hip appeared on the 6th day and thereafter 
power contmued to improve, but no definite movement of the toes was observed 
for several months, the flaccidity diminished with return of power, no abnormal 
increase m resistance to passive manipulation was at any time observed 

Right area 4a {Jan 8, 1932) — The left area of the right hemisphere was re- 
moved 13 months after the left, this was followed by the appearance of a Babmski 
response m the left leg, augmentation of the Babmski on the right, and pronounced 
flaccid monoplegia, as in Expenment I 

Transection of spinal cord {Jan 27, 1932) — ^The spinal cord was severed at 
the eleventh thoraac level and detailed observations made on the differences of 
spinal shock on the two sides A full report of this expenment has already been 
pubhshed (46, Expenment 15) 
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in KINDIA Female, 4 jri old, ul 14 kg , rec'd May 6, 1931 
Left area 4a for hallux (July 9, J93J) —After identifying the hallux representa- 
tion in the left hemisphere, this region rsas removed to sec whether such restricted 
lesion v.ould cause a Dabmski resiwnse The knee and ankle jerks were depressed 
on the right side immediately after the operation, but 3 hours later the animal 
died suddenly from a pulmonary embolism The cerebral hemisphere was found 
to be m good condition immediately after death 

IV PAU Mature female, S yrs old, wt 36 5 kg , rec'd May 6, 1931 
Area 4a (Dee 14, 1931) — ^This animal, acquired from Dr Yerkes because it 
was unsuitable for training, began to lose weight soon after it was purchased, 
when it was realised that the ammal was sick, its cortex was explored, with the 
usual aseptic precautions The left foot area was removed and there followed 
the usual flaccid monoplegia with complete areflcxia which continued despite 
active movements of the left leg until the animal’s death from tuberculous bron- 
cho pneumonia some 30 hours after the procedure 

V YAMA Male, 4 yrs old, j/l 12 kg , rec'd Oct 14, 1930 

This animal, which had been several times reported (46, Experiment 16, 47, 
Experiment 7, 77, Experiment 1, 114, Experiment S), wiU be briefly summarized 
here A diagram of its operations is included above in figure 12 

Deft area 4a (Jail 21, 1932) — Removal of the leg area from the left hemisphere 
was followed by an enduring flaccid monoplegia of the nght leg with a positive 
Babinski response and gradual return of voluntary power beginning at the hip on 
the 8th day The toes had failed to show return of power on the 43rd day when 
the second operation was performed 

Right area 4a (Mar 4, 1932) — Removal of the right leg area was followed by 
left monoplegia, great depression of reflexes, impairment of previously regained 
voluntary power in nght limbs and alteration m the reflex status in this extremity 
Neither limb exhibited spasticity at any time pnor to the third operation 
Le/( area 6a (superior half, Dec 16, 1932) — ^The superior part of the premotor 
area was removed and immediately thereafter the animal developed a spastic 
nght lower extremity with great increase in deep reflexes, the appearance of the 
fanning sign of the Babinski, positive Rossolimo, Mendel Bechterew responses and 
grave additional impairment of voluntary power The spastiaty and the posi- 
tive Rossohmo response persisted until May, 1935, when the animal began to 
look sick, and to our surpnse the spastioty of the right lower extremity, together 
with the reflex signs increased in intensity, motor power at the same time dimin- 
ished As the animal seemed incurably lU, it was sacrificed on July 12th, 1935 
and in addition to a generalized miliary tuberculosis and active tuberculosis m 
the lungs, the animal had an acute patch of tubercular osteomyelitis affecting the 
left bone flap and extending into the remaining lower part of the left premotor 
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area, clearly accounting for its increased symptoms before death There were no 
excitable foa for the hind limbs in either hemisphere 

VI MIKE Male, 4 yrs old, wl 14 6 Jig , rec'd Oct 16, 1931, 

Left area 4a {Mar 29, 1932) — ^Area 4a was removed from the left hemisphere 
of this animal in order to study the cortico-spinal degenerations after three weeks 
The animal had a large tuberculous gland blocking the hilus of one lung and was 
blue and decompensated for several days after operation During this interval 
the reflexes were brisk, i e , the Babinshi and Chaddock’s responses were present 
immediately after the operation, tendon reflexes were not depressed and there 
was some volitional movement at hip withm two days, but the hmb was flacad 
The annual became compensated after two days and the nght hind hmb then 
began to show all the usual signs of ‘cortical shock’ the Babinski response and 
knee-jerks were depressed on the nght side, and from then on the monoplegic 
extremity emerged slowly from its reflex depression foUomng a course similar to 
the precedmg It did not become spastic during the 15 days of observation 
It was sacrificed for Marchi studies on April 13, 1932 (see 49, Experiment 1) 

Vn. SONG. Mature male, 7 yrs old, wt 35 kg , rec’d June 5, 1933 

The subject of this expenment was a recently matured male chimpanzee which 
had been m Dr Yerkes Laboratory for three years, it was well-developed and 
powerfully built The expenment w'as planned to see whether area 4 lesions 
per se produced atrophy of the musculature 

Left area 4a {June 5, 1933) — ^After identifymg the margms of area 4a by faradic 
stimulation, the entire region was removed m one block The ammal showed a 
profound monoplegia with marked depression of reflexes for three days and apart 
from slight flexor posture which returned at hip and knee, the extremity exhibited 
conspicuous flaccidity for the next four months, the extensors at knee and ankle 
remained completely without postural resistance and the toes at no time passed 
mto a state of spastiaty The Babmski response was present after the second day 
After about six weeks atrophy of the musculature became apparent and by the 
time of the second operation the atrophy was conspicuous After four months 
there was no voluntary prehension of the toes but the animal could brmg its 
foot to its mouth slowly and awkwardly 

Spinal transection {Sept 26, 1933) — ^The animal developed a severe diarrhea 
dunng late August and as its health seemed precanous, its spinal cord was cut 
at the tmd-dorsal level with a view to studying the difference in extent of spinal 
shock on the two sides The animal died 40 hours later 

At autopsy circumscnbed lesion was found in the precentral convolution and 
histological exammation revealed several isolated Betz cells just at the antenor 
wall of the lesion The premotor area was normal This expenment is to be 
reported in full at a later date m a discussion of cortical atrophies. 
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Mil DARBY Male, 6 )rs eU, jit l<>0kt;,rec’dJuitcI4,193f 

Righl area 4a(\pr 25, t93S) —The leg representation in the right hemisphere 
was removed in a circumscribed block without damage to the postcentral convolu- 
tion but with encroachment for a few millimeters into area 6 The rccovcrj was 
characteristic, an essentially flaccid monoplegia with slight flexor posture nt hip 
and knee when volitional power revived The Babinski response was positive m 
the affected limb 

flypopl yseclom-t (Ifay 4, 1935) — A complete hypopbysectomy was earned out 
bj Dr William Mahonej, the first time such a procedure has been reported in a 
chimpanzee (A wire J T/iyriaf , 1936, 116, 106-107) The animal had a pcrsisently 
low blood sugar whidi was easily controlled by giving glucose The animal died 
on May 21, 193S, from inhaling its vomitus while under anaesthesia T hroughout 
the month of its survival, no spasticity developed in the left hind leg The muscles 
of the left lower extremity showed moderate atrophy No Betz cells were found 
at the antenor edge of the lesion in sample sections The block remov ed at opera- 
tion which had been cut scnally showed the anterior margin of the Betz cells in 
all sections 

IX LIBIA remale, 2 5 yrs old, wl 7 5kg, rcc’d Sept 17, 1935 

Left area 4abc (Pet 4, 1935) — A Ihm strip comprising the entire extent of area 
4 from angulate gyrus down to the lower end of the face representation was re- 
moved in a single block with a view to illustrating the syndrome of a complete 
area 4 lesion m the chimpanzee — an ablation not previously attempted m this 
senes On the second day after operation the right extremities, which had at 
first showoa conspicuous flaccidity , began to exhibit increased resistance m flexors 
and extensors, especially in the knee extensors of the lower extremity Spastic 
resistance continued to increase and on the 4th day the hemisphere was rcexplored, 
no clot was found and the premotor region was well vascularized Thereafter 
slow return of power occurred proceeding from the proximal joints distally, but 
the moderate spasticity continued The animal developed meningitis suddenly 
fifteen days after operation from a skin infection that developed after the re- 
exploration Sample sections removed from the brain at autopsy indicated that 
the premotor area had not been seriously encroached upon by the precentral lesion 
This experiment suggests, as do those of Dr Hines (58), that an isolated ablaUon 
of areas 4a or 4b gives results quite different from a strip lesion which completely 
separates area 4 from area 6 

X GHANDI Mate, 5 yrs old, wt 22 2 kg, rcc’d Dec 19, 1934 

Left area 4a (Nov S, 1935) —The leg area was removed from the left hemnjia^e, 
after which the animal sustained a profound paresis of the right leg, flajQ' 
character which persisted untd January 13, 1936, when the premotcr regci 
removed Several days after the area 4 ablation power began to xeSaini as k-c 
later at knee and some flexor posture developed at three joints, ^ ^ 
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January 13, 1936, there was no gross resistance to passive manipulation and the 
extremity hung pendant as in the photograph (Fig 10, above) On Dec 4, 1935, 
the first and second temporal convolutions were removed from the right hemi- 
sphere, there were no postural disturbances as a result of this procedure, but a 
Jacksonian seizure occurred on the 3rd day affecting left face and head 

Left area 6a (Jan 13, 1936) — ^The superior part of area 6 was removed from 
the left hemisphere, within 24 hours marked increase in resistance of the hip and 
knee flexors developed and increased m the ensuing days with transient forced 
grasping Motor power and its range of movements was greatly curtailed as a 
result of the premotor lesion This continued until its sacrifice 

Subsequent course — On Feb 13, 1936, a small mcision was made m its left 
occipital lobe, on Mar 31, 1936, its right superior cerebellar peduncle was cut 
and on Apr 3 it was sacrificed by Dr A. Earl Walker who will report the experi- 
ment in detail in his study of the thalamocortical pro 3 ections in chimpanzee 

ABLATIONS OF ASEA 4 (aRM) 

XI MUSSAI Male, 6 yrs old, wi 23 0 kg , rec'd Oct. 16, 193L 

The present experiment has been several times reported (47, Experiment 8, 
17, Experiment 4, 77, Expenment 4, 68, Experiment 2), but its autopsy is now 
recorded for the first time The animal had seven lesions as follows: Left area 4b 
(arm, Apr 29, 1932), nght area 4b (May 13, 1932), left area 6a (Nov 11, 1932), 
right area 6a (Jan 13, 1933), right frontal areas (Nov 3, 1933), left frontal areas 
(Dec 15, 1933), and finally section of nght cerebellar peduncles (Nov 6, 1935) 
which was followed by operative fatahty. In each of the two primary operations, 
involving ablation of the left arm areas, the postenor part of area 6 was extensively 
encroached upon, in both instances the animal developed a transiently flaccid 
monoplegia of the arm, which was followed after three to four days by the assump- 
tion of hemiplegic posture accompamed by moderate spasticity at elbow and wnst 
In both instances however the spastiaty passed off withm another two to three 
weeks when the animal began to resume using the extremities for vohtional move- 
ments The animal never regained active prehension of the digits After re- 
moval of the premotor regions, first on one side and then from the other, strong 
and enduring (two years) spasticity developed in both upper extremities, the 
spastic condition affecting flexors and extensors ahke, and being particularly 
prominent in the digits After these two operations the animal was not able to 
feed itself again with its hands for nearly two years after which time the nght 
hand was occasionally clumsily brought to the mouth bearing food The removal 
of the frontal association areas slightly increased the spastic disabihty, probably 
owing to removal of a small stnp of premotor tissue in the postenor part of the 
frontal block 

Autopsy showed virtually all the frontal lobe had been removed except for 
areas 4a on both sides, and a part of the orbital surface on the nght side The 
caudate nuclei had not been encroached upon The whole brain has been cut m 
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scrml sections and otII be reported b> Dr A Lari Walker m lus studies of the 
thalamocortical projections 

ABLATION or AREA 6 a 

XII BOY Male, 3 jrj otJ, ul J3 5 is , rac'd Sept 5, 1932 
The subject of this crpcnmcnt had been trained in problem box manipulation 
by Dr Jacobsen He Mas a licaltliy, vigorous, male specimen, cobperative and 
easily handled 

Lejt area 6a (Sept 9, 1932) — rdlowing removal of a large block of area 6 
tissue from the left hemisphere forced grasping immediately appeared in both 
right extremities which persisted for about ten days when it gradually disap 
peated with the resumption of active volitional movements The deep reflexes 
were increased on this side for about two weeks There were vigorous tendon 
responses of the digits (signs of Rossohmo and Hoflman) There was also a grave 
and enduring disturbance of skilled movements and transient vasomotor dis- 
turbance 

Right area 6a {Jan 9, 1933) — A corresponding block of premotor tissue from 
the right hemisphere was removed a month later which caused the symptoms 
prev lously present on the right side to reappear, i c spasticity, forced grasping 
and inaease of tendon reflexes and similar symptoms, somewhat more grave than 
after the first operation appeared on the left side The spastiaty affected all 
muscle groups, but was most pronounced m the flexors of the upper limbs and 
the extensors of the tower Spasticity diminished after two to three weeks on 
the left, but persisted for over a month on the nght The animal was kept under 
observation untd May 29, 1934, at which time the extremities had been normal 
to passive manipulation but tendon reflexes of the digits, especially the toes con- 
tinued moderately increased Dr Jacobsen’s training technique continued to 
disclose disturbance of skilled movements Trelumnary reports of the cxperi 
ment have already been published (47, Experiment 3, 77, Experiment 2, 68, 
Experiment 3) 

XIII SAMBO Male, 6 yrs aid, ut 2S0 kg, redd May JO, 1932 

The animal was a vigorous adolescent male, with remarkable muscular de- 
velopment 

Left area 6a {Jan 30, 1933) — Eollowing removal of the left premotor area, 
somewhat more deeply and radically than m No XII, the animal exhibited a 
more profound and enduring paresis than the preceding, and it showed a positive 
Babmski response whieh persisted for 8 days The upper extremities assumed a 
spastic hemiplegic posture which increased m intensity dunng the first week and 
the lower extremity became markedly spastic after the 6th day Forced grasping 
was present, maeasing in intensity as the spasticity increased All muscle groups 
were affected, but the extensors showed somewhat greater resistance than the 
flexors, both m the upper and lower extremities Spasticity reached its height 
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about the 8th day and then gradually dinunished with return of voluntary power 
Forced grasping continued, however, for over a month and increased tendon re- 
flexes w'ere still present three months after operation 

Right area 6a {Apr 24, 1933) — ^After the nght premotor area was removed 
there was a conspicuous return of symptoms on the ipsilateral side with the usual 
premotor syndrome on the opposite side i e , forced grasping, generalized in- 
crease of resistance to passive manipulation (‘cog-wheel’ in type) impairment of 
skilled movements and vasomotor disturbance On June 2, the left extremities 
were still moderately spastic espeaally the lower extremities, and when the ani- 
mal was emotionally excited, strong forced grasping developed The animal had 
meanwhile become dangerously unmanageable and a third operation was per- 
formed to incapacitate it 

Lejt area 4a and b {June 2, 1933) — ^The motor representation of the leg and 
arm was removed after the left hemisphere after which all reflexes became de- 
pressed, but the depression lasted less long than m animals in which area 4 had 
been removed as a pnmary procedure Ultimately very strong spastiaty de- 
veloped on the right side affecting all muscle groups, and the motor disability 
and posture closely resembled that of a long-standing henuplegia in man The 
hands were maintamed in a claw-liLe posture, with hyperextension at wrist and 
at the metacarpophalangeal joints There was lead-pipe rigidity of biceps. In 
Nov. 1933 the animal developed an obscure diarrhea and was sacnficed 

Autopsy — ^The brain showed lesions descnbed above, the area 6 lesion being 
complete and they had encroached slightly upon the frontal association areas 
The nght pyramid was completely degenerated A preliminary report of this 
expenment has been pubhshed (17, Expenment 5, 77, Expenment 3) 

XIV EDITH Female, 3 yrs old, wt 12 0 kg, rec’d June 14, 1933. 

The subject of this expenment was a tame and easily handled young female 

Left area 6a {Oct 18, 1933) — Extirpation of the premotor region was followed 
by complete area 4 and 6 syndrome due possibly to disturbance of the circulation 
m area 4, i e this was initial depression of reflex, a positive Babmski’s sign, etc 
These signs gradually became less conspicuous, however, leaving moderate forced 
grasping and moderate spasticity which persisted for about a month and then 
disappeared The animal also had a marked vasomotor syndrome of the left 
extremity with paralysis of reflex vasodilatation studied by Dr Kennard The 
animal was kept under observation without further surgical procedure until 
Feb 6, 1935, when it was hypophysectomized, and died from a gastric perforation 
(preceded by hemorrhage), 24 hours after the hypophysectomy The animal’s 
premotor syndrome was comphcated by the development of marked muscular 
atrophy of the nght extremity, especially the nght leg Throughout most of its 
postoperative course the Babmski response has been occasionally positive, we 
have therefore been inclined to attnbute the atrophy to concomitant injury of 
area 4 Microscopical examination of the block removed at operation showed 
no damage to Betz cells 
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XV ANNA rcmale, 6 ys old, ul Z5 4Xg, rec’d June If, 1933 

Left area 6a {Feb 23, 1934) —I eft premotor region was removed from this 
animal with a \ien to studying the subcortical degeneration by Marchi technique 
after three weeks Though tlie animal was uncoHperativc and difficult to examine 
it was obvious that it had developed the usual premotor syndrome with spastiaty, 
forced grasping, vasomotor disturbance and impairment of skilled movements 
Extensive compensation had begun to show itself before the end of the third 
week The animal was sacrificed March 13, 1934, and Marclii studieswere made 
by Dr Stephen Poljak of Chicago who will ultimately report his findings 

XVI BLANCHE Adult female, 14 ys old,wl 33 ig ,rec'd itar 11,1933 

The present animal, a mature female, was sent from another laboratory for 
sacrifice because of a skin disease resembling pellagra On Mar 11, 1933, areas 
4a and b and 6a were removed from the left hemisphere and the ammal was 
sacrificed 52 hours later for study of the degeneration of boutons lerminaux m 
subcortical centers and in the spinal cord The right arm became spastic after 
48 hours, but the right leg w as still flaccid at the end of 52 No vasomotor changes 
wereobserved This experiment wiUbe reported by Dr E C Hoff in his studies 
of bouton degeneration in the chimpanzee 

ABLATIONS OF AREA 9-12 

XVII LUCY Mature female, 9 ys old, Kt 26 kg , ree’d June 14, 1933 

This animal and No XVIII, though still living are included in the protocols 
since autopsy material will probably not be available for several years more 
After 9 months of training by Dr Carlyle Jacobsen, the left frontal association 
areas were removed on Mar 16, 1934, m a block weighing 14 5 grams The 
animal made a prompt recovery, and after the first 24 hours there was no evidence 
of motor disturbance or postural weakness On May 25, 1934, the frontal associa- 
tion areas were removed from the right hemisphere in a block weighing 21 5 
grams, more of the orbital surface of the frontal lobe being taken in this operation 
Again the animal recovered with a very slight degree of spasticity in elbow and 
left shoulder which passed off after 3 days The observations are important 
from the point of view of cerebral-cerebellar rchtionships since they indicate that 
bilateral removal of areas 9, 10, 11 and 12 (the frontal association areas) docs not 
cause significant motor or postural disturbances 

XVin BECKY Female, 5 yrs old, wl 16 2 kg , redd June 14, 1933 

This, the second of Dr Jacobsen’s animals trained for study of the frontal 
assoaation areas, is also stiU alive On Mar 22, 1934, the frontal association 
areas were removed in a block weighing 18 grams The animal made a smooth 
recovery from the operation and at no time did it exhibit motor weakness or 
postural disturbance, apart from a shght rduclance to use its right atm for several 
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days after the procedure On July 12, 1934, the right frontal association area 
■was removed in a block weighing approximately IS grams Again the animal 
recovered -without significant motor disturbance and it has continued alive for a 
period of more than 2 years with normal motor coordination These observations 
have been reported m prehminary form by Jacobsen, Wolfe, and Jackson (70) 

POSTCENTRAL ABLATIONS 

XIX CARRIE NATION Female, 4 yrs old, wi 9 9 kg , redd Sept 19, 1935 

This and No XX were chimpanzees used by Dr A Earl Walker for study of 
the thalamocortical projections On Sept 25, 1935, the entire postcentral con- 
volution including areas 3-1-2, as well as areas 5 and 7 of the parietal lobes, were 
removed m a single block weighing 113 grams The tip of the prefrontal cortex 
was removed at the same operation The animal was extremely difficult to 
examme, being aggressive and uncooperative but from inspection of its movements 
it was clear that the right extremities exhibited little if any motor paresis, but 
there were obvious signs of sensory disturbance In feeding she preferred to use 
her left hand but when provoked, or when attempting to escape, the extremities 
on the right and left side were used 'With almost equal force Those on the right 
were awkward and sometimes assumed unnatural positions, but there was no 
tremor or ataxia The animal contmued without much change until Dec 10th 
Autopsy showed that the frontal lobe had not been involved by the lesion 

XX TOMMIE Male, 6 yrs old, wt 20 5 kg, redd Dec 19, 1934. 

The present animal has been trained in sensory discnmination by Dr Ruch 
pnor to its postcentral lesion The opposite extremities were then incapacitated 
by a lesion of the precentral convolution in order to force the animal to use the 
extremities having sensory deficit 

Areas 3-1-2 (Nov 4, 1935) — Following complete ablation of the postcentral 
convolution, t e , areas 3-1-2, the animal exhibited a transient hemiplegia and 
developed extensor spasticity of its upper extremity with slight flexor spasticity 
There were no pyramidal tract signs 

Left areas 4db and 6a (Dec 6, 1935) — ^After removal of the motor and premotor 
areas from the left hemisphere the nght extremities exhibited complete flaccidity 
for two days, and thereafter gradually increasing spasticity developed affecting 
all muscle groups in the upper and lower extremities The spasticity reached its 
height at the end of about a month, the hand assuming a claw-like posture with 
hyper-extension at the wnst and metacarpophalangeal joints, the spastic state 
contmued with very little amelioration until the animal was sacrificed May 14, 
1936 The animal regained sufficient power of its right hip to use the spastic 
limb for walking, but practically no other purposeful movements were regained 
m arm or leg, indeed, the animal was quite unable to feed itself with its right hand 
at the time of sacrifice 

Right areas 5 and 7 (Feb P, 1936) — ^The remamder of the panetal lobe was 
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icmo\ cd (tom the right hemisphere, and while this somewhat increased the somatic 
5 cnsor> disturbance there was no change in posture This eaperimcnt will be 
reported in full b> Dr Ruch from the point of view of sensory discrimination and 
by Dr A Dari Walker in his studies of the thalamocortic.il projections 

jnSCEl-lANEOUS lESIONS 

XM PEG rcmaU,4irs cM,wt tS kg , rec’d feb 4,1935 

The present chimpanzee was a young female used for study of the effect of 
section of the 3rd nciae It died prematurely Mar 11, 1935, following operation 

XXII KANI Ualure female, 9 yrs pld,tit 35 hg , rac'd May 24, 1933 

The obsetaations earned out on the present animal arc significant only ns 
controls The animal had been highly trained in problems of visual discnmina- 
tion by Dr Spence On May 24, 1933, its left occipital lobe, including areas 17 
and 18 was completely remoaed from the left hemisphere Thereafter the animal 
exhibited complete and permanent right homonymous hemianopsia and slight 
right sided motor weakness wliicli passed off aaithin 2 days On July 7, 1933, 
areas 18 and part of 17 were removed from the right hemisphere, and again the 
animal failed to exhibit any enduring motor or postural deficit Tbis animal has 
been reported by Spence and Fulton (118), and full anatomical studies of the brain 
by Poljak and Hayashi (Brum, 1935, 59, 51-60) 

XXIII BONZO Male, 4 yrj old, »/ 16 5 kg, rec’d May 10, 1933 

The present animal was a nephritic Ocad poisoning?) speamcn whose spinal 
cord was transected in order to study the phenomena of spinal shock on Nov 24, 
1933 It died within 24 hours after operation 

XXIV SELA r emale, 7 yrs old, wl 20 kg , rec'd May 6, 1931 

A tuberculous specimen obtained from Dr Yerkes this animal proved difficult 
to handle and on Dec 7, 1931, was subjected to a lateral semisection of the spmal 
cord The animal was ill at the time of operation, but it survived 3 days, during 
■which time symptoms of profound spmal shock were present in the nght lower 
extremity on the side of the scmisection 

HEMIDECOR-nCATION 

XXV MARY remale, 5 yrs old, wl 21 kg , rec’d June 13, 1935 

The left cerebral cortex of this chimpanzee was removed without injury to 
basal gangha or thalamus on Sept 11, 1935 for Dr Walker’s study of the thala- 
mocortical projections The postural and motor status of the affected extremities 
in this animal was compared with No XX after removal of areas 4ab and 6a 
The postoperative course was strikingly similar in the two > e , for the first 48 
hours the right extremities were completely flaccid and paretic with greatly de- 
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pressed tendon reflexes, on the third day the hemiplegic posture began to be 
assumed and generahzed spasticity appeared, most prominently in the knee ex- 
tensors and elbow flexors The spasticity increased steadily for about a month 
in all muscle groups and then continued without much change untd sacrifice Nov 
15„ 1935 During this interval associated movements were present, a little 
volitional flexion at hip and shoulder was regained, but the extremity was never 
used effectively in walking At the time of sacrifice 10 weeks after operation this 
animal was less far along m motor recovery than No XX at a corresponding period 
after ablation of areas 4ab and 6a The experiment will be reported in detail by 
Dr Earl Walker in his study of the thalamocortical projections, and by Walker 
and Fulton in a comparative study of the effects of decortication 



ANAEMIA OF INFANCY AND EARLY CHILDHOOD 

HUGH W JOSEPHS 

From the namet lane Borne of the Johns Hopkins TlospUa! and the Department of Pediatrics^ 

Johns Bophns Unieersxty^ School of Medicine, PaUtmorc, Maryland 

COKTEVTS 

I ore word Purpose and scope of fc\icw 308 

Introduction I undamcntal conceptions 309 

A Constitutional factors 309 

R Mccham*im 311 

Normal blood picture of infancy 312 

A Newborn penod 312 

B Effect of pTcmatunl> 316 

C Infancy beyond the newborn penod 316 

I) Phj’siological anaemia 318 

E Mcdianism of changes m the newborn penod 319 

I actors innucncing the lc\cl of red cells and haemoglobin dunng inhnc> and early 
childhood 322 

A Iron metabolism 322 

Copper 322 

B Prematurity 327 

C Infections 329 

D Vitamins 335 

r Poisons 310 

r Haemorrhage 340 

G ^lalignant tumors 341 

H Gastro intestinal disturbances 347 

1 Disease of the hicr 355 

J Disease involving the spleen and tcticulo endothelial system 358 

1 Gaucher’s disease 353 

2 Niemann Pick disease 352 

3 \anthomatosis 353 

4 Hodgkin’s disease 357 

5 Reticulo-endothcliosis 370 

6 Splenic vein thrombosis (Banti’s disease) 373 

K Disease involving bones 374 

L Leukaemia 377 

Clinical t>pcs of anaemia 37g 

A Haemolytic erythroblastic group 379 

1 Constitutional 3g2 

(a) Congenital haemolytic jaundice 334 

307 


IIKDICINB, VOX^ 16, NO 3 



306 


J. F TULTON 


pressed tendon reflexes, on the third day the hemiplegic posture began to be 
assumed and generahzed spasticity appeared, most prominently in the knee ex- 
tensors and elbow flexors The spasticity increased steadily for about a month 
m all muscle groups and then continued without much change until sacrifice Nov 
15„ 1935 During this interval associated movements were present, a httle 
volitional flexion at hip and shoulder was regained, but the extremity was never 
used effectively in walking At the time of sacrifice 10 weeks after operation this 
animal was less far along in motor recovery than No XX at a corresponding period 
after ablation of areas 4ab and 6a The experiment will be reported in detail by 
Dr Earl Walker in his study of the thalamocortical projections, and by Walker 
and Fulton in a comparative study of the effects of decortication 
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Foeeword 

In dealing with the literature I have tned to keep the purpose of 
the paper in mind. This purpose is to present the present status of 
our knowledge of anaemia m infancy and early childhood especially 
its etiology, pathogenesis, climcal characteristics, and therapy Path- 
ological pictures are not given in any detail and in general are included 
only for the light they may throw on the nature of the process by which 
the anaemia has developed Experimental anaemia is not reviewed, 
although reference to experimental work will be included where it 
contributes to the discussion We attempt m animals to isolate and 
study a smgle mechanism, the conditions of a single equihbnum, we 
have no proof that that same mechamsm will be the one at work in 
the human The mechamsm of rachitic bone changes may be the 
same in rats and babies, nckets of rats is not the same as rickets of 
babies In anaemia we are not even sure that the mechamsm is the 
same. 

No attempt is made in this work to apportion priority either of 
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observation or of conception Few articles written before 1915 have 
any value except histoncally, so tliat only an occasional reference is 
made to them I have looked for facts rather than for opinion unless 
the opinion is based on a wide personal experience or unless it is ac- 
companied by sufficient evidence to allow the reader a basis for criti- 
cism For Uic support of the statements made in this paper I have 
confined myself predominantlj to the pediatnc literature, using 
examples drawn from "adult” literature onlj to fill m the gaps In 
an attempt to cover the hteraturc of the last ten years, tlicre will 
naturally be some oversight, but in general, omission is due either to 
the fact that the data on which statements arc made have been 
omitted, or to the fact that the results as stated are insufficiently 
controlled 


Introduction 

Infancy is a period in which anaemia is particularly prevalent 
The reasons for this ho partly in the constitutional or physiological 
pecuUanties of the infant, partly in the external factors that disturb 
in various ways the equilibria on which the normal state of tlic blood 
depends In this sense anaemia is not to be considered a disease, but 
is the result of a disturbance in normal physiological processes which 
may be brought about by disease or constitutional defect on the one 
hand and on the other by factors that are entirely extnnsic The 
study of anaemia should be an attempt (1) to recognwe these factors, 
extrinsic and intrinsic, (2) to understand in what way they disturb 
the normal physiological processes and finally (3) to learn how to 
clmiinate them or modify their influence 

A CONSTITUTION 

As this term is used, it has three different meanings, or rather its 
various usages can be grouped under three heads 
1 It IS used to denote tendencies common to all individuals at a 
given age In so far as such tendenaes arc the common property of 
all they are to be considered physiological, but in some individuals 
they are more marked and last longer, and in this sense may be con- 
sidered pathological The newborn penod is of particular importance 
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from this point of view, being one of adjustment in which new equihb- 
na must be estabhshed and new processes developed 

a Any lack of a well estabhshed equilibrium results m the lability of 
function that is one of the characteristics of infancy, marked in the 
newborn period, especially so in premature babies and others for any 
reason unready to assume the functions of extra-uterine life Wide 
swings in haemoglobin, like wide swings in water balance or in tempera- 
ture, may occur under provocation too slight to produce changes in 
older children or adults This tendency grows less as the child grows 
older, but it may be prolonged under conditions that impede the proper 
development of the child 

b A second characteristic of mfancy is the ease with which the rate 
of hemolysis is increased, and blood formation may revert to an earlier 
embryonic stage White cell formation often takes part in this proc- 
ess, resulting in the so-called “pseudoleukaemic” pictures 

Other factors having a bearmg on the mcidence of anaemia and the 
pecuhanties of the blood picture that imght be mentioned are a tend- 
ency to lymphocyiosts commonly seen in infancy under certain con- 
ditions, infrequency of ‘‘aregenerative” anaemia compared with later 
periods, rapid ga^n tn weight resulting m intensification of any de- 
ficiency that may be present, relatively low incidence of severe in- 
fection in the first six months of life 

2 Another sense in which the term “constitution” is used is to 
explain why some individuals act differently from the average This 
meaning is frequently encountered in the German literature, especially 
as “Konstitutionelle Minderwertigkeit ” A conception as vague as 
this IS not very useful and is hkely to be applied too readily to anything 
not well understood As knowledge increases, however, not only 
may we find that many things attributed to differences in individual 
make-up are actually the result of extrinsic factors at present little 
more than suspected, but also we shall be able to define this phase of 
“constitution” m terms of the processes involved 

3 By some the term “constitutional” is confined to those con- 
ditions (also called “congenital”) m which there is defimte evidence 
of something wrong with the make-up of the individual This evi- 
dence consists in abnormahties of structure, of familial, hereditary, or 
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racial tendencies, or abnormaliUes of function that cast throughout a 
hfetune 

Ihe factors included under the term “constitutional” might just 
as well be called "intnnsic,” “underlying,” “predisposing ” Those 
types of anaemia in whicli the constitutional factors completely 
dominate the picture are often designated “primary ” In such cases 
anaemia casts as a result of some deep seated defect in the haemato- 
poietic function, so that extnnsic factors have only a secondary influ- 
ence In tlie great majority of cases, on the other hand, the constitu- 
tional factors predispose to the development of anaemia, or to a 
particular type of reaction, while the evtnnsic factors play the part of 
precipitating cause Nor is this statement entirely true, there is 
rather a multiplicity of factors acting together to a common end 
The desire for a simple classification for the teaching of students and 
for the purposes of filing cabinets has caused a division of the material 
into pnmary and sccondarv uliicli is purely artifiaal and does not 
reflect the actual state of affairs 

B MECHANISM 

Blood pictures arc dependent on mterrclations between proeesses, 
any disturbance of which necessitates tlie development of a new equi- 
librium The point at which this new equilibrium is estabhshed is 
dependent on the seventy and type of disturbance as well as the under- 
lying ability of the tissue involved to respond to the necessity for read- 
justment The processes involved in these interrelations arc not 
many They may be included under the following (1) Sy nthesis of 
haemoglobin, disturbance of which may anse from deficiency in either 
material or process (2) Regenerative ability of the haemopoietic 
tissue Inability to form red cells rapidly enough to compensate for 
loss or destruction that is not excessive is designited by the term 
“hypoplasia” w hich must therefore be understood in a functional rather 
than anatomical sense (3) The process of blood destruction (4) 
The process of maturation, disturbance of which gives nsc to the 
various forms of erythroblastosis and if the white cells are involved 
to “pseudolcukaemic” pictures The study of the mechanism of 
anaemia is the study of the part played by each of these processes in 
the production of the final equilibnum, and the speed with which it is 
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attained Much of the confusion that exists is due to the naistake of 
regarding blood pictures as specific Blood pictures are the result of 
disturbances in processes in whatever way those disturbances are 
brought about, whether by infection, poisons, nutritional deficiencies, 
constitutional defect or disease of organs involved in the regulation 
of blood formation and destruction 


The Normal Blood Picture oe Ineancy 

A THE NEWBORN PERIOD 
1 Red cells and haemoglohin 

The usual statement concerning the course of the red cells and 
haemoglobm as found in the text-books is about as follows The 
newborn baby comes into the world with a supply of haemoglobin 
and red cells far in excess of that which is considered normal for the 
needs of extra-utenne life, so that dunng the first six weeks there is a 
rapid fall from the values usual at birth This fall may be excessive, 
reaching levels from which recovery takes place to the values which 
will tend to be maintamed during the remainder of the first year 
The statements in the text-books are, however, based for the most 
part on earlier work and fail to mention a number of facts that have 
come to light in the past ten years In this paper I have summarized 
only the more recent work, stressing particularly those observations 
which tend to modify the accepted conceptions (The figures for 
haemoglobin are summarized in chart 1 ) 

a Polycythaemia at buth, which has been so stressed in the text- 
books and all the earlier pubhcations, is not a characteristic of all 
recent statistics (72, 180, 252, 415, 486, 487, 738) Merntt and 
Davidson’s (457) is about the only recent publication that confirms 
its existence, and even in their work it is only moderate in degree, 
since counts above six and a half milhon were only rarely encountered 
In babies who are cyanosed for any reason, polycythaemia may be 
extreme, especially m congenital cardiac disease, and in these cases 
the red cells and haemoglobin often do not follow the usual course, 
but fall gradually 
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b Lov,cr liinit of normal Counts under four and a half million 
at birth arc rare in all statistics This does not mean, lion ever, 
that all counts below tins level are to be considered pathological 
This point mil be considered later m the section on anaemia of the 
newborn penod 

c Extent of fall in red cells and haemoglobin The red cells rarely 
fall to a point bclon three and a half million, reached at the end of 



Chaw 1 Composite Haemoglobin Curv’e? prom Data in the I ittrature 
i, Appleton, 2, Drucker, 3, McKaj — A, breast fed, B, artificially fed, Mcrntt and 
Davidson, 5, Elvehjcm, Petersen and Mendenhall, (J, Uslicr, McDtrmot and Lozmski, 
7f Kato and Emory, S, Josephs (Sec text (Physiological Anaemia) ) 

about two months, but values below this level are not to be considered 
necessanly pathological The vanation m haemoglobin values of the 
different observers is considerable but the form of the curve is the 
same It is probable that the discrepancies are largely a matter of 
method Wilhamson’s figures, whidi have long been considered 
standard, were obtained by a spcctrophotometnc method and give 
high values Memtt and Davidson’s figures which arc also high 
were obtained by calculating the haemoglobin from the iron content of 
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the whole blood It has, however, been shown that there may be a 
considerable amount of iron in the blood not combined with the haem- 
oglobin especially m the first six weeks of hfe (319). In the other 
curves, the discrepancies are not so great until the seventh or eighth 
week when extnnsic factors begin to exert an influence on the haemo- 
globin 

d Color index This is consistently high during the newborn pe- 
riod, tending gradually to fall until at about three months it reaches a 
value that wiU be mamtained throughout infancy in normal cases 

2 Size of 1 ed cells 

Throughout the fiust week of hfe there is marked anisocytosis with 
tendency to macrocytosis (72, 131, 284, 576, 728) The average 
diameter lies m the neighborhood of 8 5 m or shghtly above Cells 
with a diameter above 10 m are not infrequent, but none have been 
reported above 12m m diameter These large cells usually form about 
one or two per cent of the total, tending to disappear at about the end 
of the first week, but sometimes persisting mto the third week of 
life The average diameter after the first week gradually becomes 
less reaching ‘fiiormal” (adult) values by the sixth month (534) 
Van Creveld (131) has noted a transitory increase in size at about the 
eighth week corresponding to the increase in reticulocyte percentage 
The changes in mean corpuscular volume correspond to those of the 
mean diameter just descnbed — ^higher than “normal” (adult values) 
at birth (110-115m^) (251, 263, 474) gradually fallmg to the adult 
values at about the sixth month 

3 Rehctdocytes and nucleated red cells {table 4) 

At birth, reticulocytes are present to the extent of about five or 
six per cent (208, 283, 328, 369, 457, 510, 624) They become re- 
duced rapidly, and reach low values by the end of the first week, at 
times even virtually disappearmg from the blood stream This state 
of affairs lasts for two or three weeks, then the numbers begm to rise 
slowly, reaching a peak of two to three per cent at about the end of 
the second, or during the third month (131, 202, 283, 317, 510) This 
corresponds to the time at which normally the red cells and haemo- 
globin are beginning to nse after reaching their lowest values and 
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also, according to Van Crevcld (131) corresponds to a transitorj' 
increase in the mean diameter of the red cells Ihc reticulocytes 
gradually fall agam as the haemoglobin and red cells attain the higher 
values characteristic of the end of the first half year of life These 
changes take place uath regularity but may vary in respect to the 
time of occurrence Thej are therefore best studied in individual 
cases, and not b\ the statistical method which would tend to mini- 
mire the individual variations 

Normoblasts (12, 88, 415, 634) are frequently encountered on the 
first day of life, but rarely exceed 400 to 500 per cubic millimeter 
They disappear rapidly and by’ the third day’ are rarely seen Higher 
values than these are, however, occasionally seen m babies otherwise 
normal (Lippman, (415) 37 per cent of white cells. Bungler and 
Scliwart/ (88) 22 and 24 per cent of white cells, Altritroglou (12) up 
to about 2500 per cubic millimeter ) While in these cases the infants 
were apparently well, in other cases the prognosis has not been good 
Erythroblasts more immature tlian the normoblasts arc not present 
under normal conditions (88) 

The minimum resistance to hypotonic salt solution has usually 
been found normal or slightly reduced in the first week of life It has 
occasionally been found to begin as high as 0 6 (Bernheim-Karrer u 
Grob (56), 0 48-0 54-5 per cent above 0 54, Haller (266) average 
0 56, maxunum 0 64, Mitchell, (473), usually normal, maximum 
0 SS, Polhtrer (558), normal, Carr (98), average 0 45, maximum 0 5, 
Goldbloom and Gottlieb (230), as high as 0 8) The span of hemoly- 
sis tends to be increased (Hallcz, Mitchell, Carr) There is no con- 
stant relationship between the minimum resistance and the presence 
of icterus (Mitchell) 

4 Conslituc7its other than red cells and haemoglohin 

The constituents other than red cells and haemoglobin may be 
bnefly considered 

a The white cells (88, 199, 288, 601, 607) at birth average about 
17,000 but such an average is almost meaningless when the counts 
vary normally between 30,000 and 6,000, and even in the same in- 
fant may vary over a wide range The numbers gradually dimipish 
durmg the first week or ten days There is a shift toward immaturity 
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at birtli so that myelocytes are frequently seen This shift becomes 
less and disappears dunng the first week During the first week the 
variations in numbers of white ofells are conditioned by the myeloid 
elements, but as the total number falls the percentage of lymphocytes 
rises until at the end of the first week these form more than fifty per 
cent 

b The platelets (51, 170, 180, 415, 434, 457, 634) are somewhat 
lower in the first week than later, but these lower values are not 
apparently of much significance from the point of view of a tendency 
to haemorrhage since the values are rarely below 100,000 

c The clotting time is normally not prolonged, or at most not 
more than a mmimal amount (98, 170, 457, 721) 
d Bleeding time has been reported to be increased in normal 
infants without tendency to haemorrhage Usually it is within 
normal limits (98, 457, 721) 

B EFFECT OF PKEMATURITV 

In general the efiect of prematurity is seen in an exaggeration of 
many of the characteristics we have already discussed Starting 
from the same or higher point, the red cells and haemoglobin after 
about SIX or eight weeks reach a level somewhat below that in full 
term babies (7, 288, 318, 378, 407, 430, 441, 458) There is less tend- 
ency to the spontaneous nse which is seen in the normal baby at the 
end of the second month (7, 288, 318, 430, 441, 458) While these 
tendencies are not shared by all premature babies, it is clear that the 
lower the birth weight, the more likely are they to be present, and even 
full term twms and mfants low in birth weight behave in like manner 
The reticulocyte counts tend to be higher at birth, (441, 477, 624) 
and the nse occurrmg at about two months is greater correspondmg 
to the lower level of the haemoglobm at this time (318) Nucleated 
red cells are more frequently encountered and persist somewhat 
longer but are rarely seen after the first week (288, 88, 440, 599, 607) 
While the white cell count is m general no higher, the shift toward 
immaturity is often more marked 

C INFANCY BEYOND THE NEWBORN PERIOD 

The newborn period is, as already seen, characterized by rapidly 
falling red blood cell and haemoglobin values These fall with great 
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rapidity until about the sixth week, then more slowly until about the 
tenth week wlicn a gradual nsc takes place, which continues to the 
sixth month The spontaneous nsc in haemoglobin was first pointed 
out by McKay and is present in all tlic curves of chart 1 From the 
sixth to the twelfth month, the haemoglobin tends to fall slightly 
again During the second jear it rises slowly and continues to rise 
until normal values are reached The red cells after the first two 
months tend to nse more rapidly than the haemoglobin so that the 
color index tends to fall below unity, cspcciallj after the three months, 
and maintains a value of about 0 8 to 0 9 for the remainder of the 
first year The discrepancies between the curves obtained by differ- 
ent authors depend probablj partly on the metliods and instruments 
used, but, beyond the newborn period, more largely on extrinsic fac- 
tors such as social status, care in feeding, climate, time of year, expo- 
sure to infection, etc The higher values obtained by Williamson 
(not included) and by hlcrritt and Davidson have already been as- 
cnbed, at least in part, to the methods used Usher, McDcrmot, 
and Lozinski’s values were obtained from infants in an asylum m 
which apparently tlic feeding and care of the babies is more carefully 
supervised than m most Elvchcm ct al ’s values were from infants 
in a small, largelv non-industrial town, Kato and Emcry-’s from infants 
from a section of Chicago where the people are fairly well off, with 
negroes excluded from the statistics, McKay’s (427) (1) from artifici- 
ally fed infants in the poorest section of London and (2) from breast- 
fed infants in the same section 

The curves of chart 1 represent averages The minimum values 
frequently fall in a range that by most would be considered anaemic 
This tendency to anaeima used to be considered a normal occurrence 
m infancy and the term “physiological” was applied to it The work 
of Helen McKay (428) in London has demonstrated the importance 
of an adequate supply of iron in preventing these low haemoglobin 
values, so that this “anaemia” can no longer be considered as physio- 
logical She ascribes it to iron deficiency As will be seen later, 
anaemia that is cured by administration of iron may occur under a 
variety of conditions, and the mere fact that haemoglobin rises after 
iron administration is not proof that iron deficiency was the essential 
cause 
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D PHYSIOLOGICAL ANAEMIA 

I have called the newborn period one of adjustment and have in- 
cluded in it the first six weeks of life The termination of the newborn 
period at six weeks is not as arbitrary as it might seem at first sight, 
but has been arrived at by a study of two sets of curves, those of Mc- 
Kay and those of Josephs (317) As already stated, McKay (A) 
represents artificially fed babies and McKay (B) breast-fed babies, 
other conditions being the same Josephs (A) represents babies in 
The Florence Crittenton Home, where they were cared for by their 
mothers with no attempt at segregation, although they were not 
overcrowded Josephs (B) represents babies cared for on the me- 
tabohsm ward of the Hamet Lane Home, segregated from the regular 
wards and under the supervision of one nurse and one or, at most, two 
physicians As a group, these latter babies have been remarkably 
free from infections and have developed much more as they would in a 
good private home Both groups came from the same social back- 
ground, received essentially the same type of feeding The only 
difference seems to lie in the possibility of exposure to infection Any 
severe infection in the first group excluded the baby from the senes 

In both these sets of observations, the separation of the curves took 
place at about six weeks Furthermore, in McKay’s group of cases 
receiving iron from birth, the effect of iron in causing a higher level 
of haemoglobin began to be noticed at about six weeks (427) This 
behavior of the haemoglobm curves is interpreted to mean that up to 
six weeks of life the dominant factors influencing the red cells and 
haemoglobm are common to all babies and are therefore physiological 
or intrinsic while, from the sixth week on, the haemoglobin and red 
cells are increasingly under the influence of extrinsic factors, in one 
case exposure to infection, m the other nutntional [(1) breast feeding 
as opposed to artificial and (2) administration of iron] If the term 
“physiological anaemia” is to be retamed, it should properly apply 
only to that penod in the second month of hfe when the haemoglobin 
has reached a low value that cannot yet be influenced by the correc- 
tion of any responsible extrmsic factor As may be seen from the 
curves, the apphcation of the term “anaemia” to such a level of haemo- 
globin IS open to question 
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E MEC3IANISM OF CHANGES IN HAEMOGEOBIN AND RED BLOOD CELLS 
IN NEWBORN PERIOD 

The neivbom penod is one m which the organism is required to ad- 
just Itself to a fundamental change in environment, and equilibna 
that were determined by the conditions of a parasitic cMstence must 
become readjusted now' tliat the conditions arc changed \Vc know 
very' little of the factors regulating tlie formation and destruction of 
blood, and to what extent these processes m the fetus are influenced 
by factors derived from the mother Probably not to any great 
extent, for anaemia m the mother is only exceptionally attended by 
anaemia in the newborn baby, and the makeup of the fetal blood is 
so different from that of the motlicr that one must assume a largely 
independent mechanism The high red count and haemoglobin at 
birth have been attributed to the relatively low oxygen tension in 
which the fetus must exist, and the fall is considered analogous to 
the fall that occurs following descent from n high altitude The 
presence of increased reticulocytes has been shown at high altitudes, 
hut normoblasts and increase in white cells do not ordinarily occur, 
so that tlicsc evidences of bone marrow activity require some explana- 
tion other than anoxaemia alone Weber’s (Nacgch, p 582) observa- 
tion that, at lugh altitudes, the reaction to poisons affecting the blood 
was more violent with normoblasts and other evidences of immaturity, 
may have some bcanng on this question 

Shortly after birth there sets in an increased rate of blood destruc- 
tion to which has been attnbuted the rapid reduction of red cells and 
haemoglobin Attempts to determine the rate of destruction quanti- 
tatively have been made by Snelling (643) and Josephs (317) by means 
of a study of urobilin excretion in tlic stools While there was in 
most cases at some time wathin the first six weeks of life a definite 
nse m urobilin excretion, this was rarely excessive and a close correla- 
tion between fall in haemoglobin and urobilin excretion was not ob- 
tained I On the other hand, there occurs with great regulanty, as 
already pointed out, a fall in reticulocytes to very low values and a 
later nse coincident with which tlie red cells and haemoglobin increase 

‘ S G Ross reported similar results at the 1936 mectmg of the Amencan Pediatric 
Soaety 
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in value This behavior of the reticulocytes has given rise to the idea 
that the fall in haemoglobin is a result of relative failure of haemo- 
poiesis, “hypoplasia” resulting from what might be called “unreadi- 
ness for hfe ” 

It is impossible at the present time to advance any complete ex- 
planation of the relation of these phenomena to the fall m haemoglobin 
There is no reason to look on the fall as pathological One may regard 
the processes which regulate the level of haemoglobm and red cells as 
tending to a state of equilibrium which is, as it were, adjusted like a 
thermostat at a level of haemoglobin that is “normal” for a given set 
of conditions As long as the haemoglobin lies above this level, there 
will not only be no stimulus to increased haemopoiesis, but the rate of 
blood formation may be actually decreased and the reticulocytes be 
greatly reduced When the haemoglobm falls below the “normal” 
level, then increased production will take place and the reticulocytes 
rise Such a hypothesis explains satisfactonly the reticulocyte varia- 
tions in the first six to eight weeks of life without evoking the doubtful 
idea of “hypoplasia,” but does not advance our understanding of the 
factors responsible for the regulation of equilibrium 
The role played by blood destruction remains in doubt Is it part 
of the normal process of regulation called into play by some factor 
of which we have no knowledge, or is it to be regarded as pathological? 
While at the present time we have no answer to this question, there 
can be little doubt that it takes an important part in the process of 
reduction of haemoglobin and is probably largely responsible for the 
rapid rate at which the haemoglobin becomes reduced 
■We may summanze the probable course of events about as follows: 
The infant is born with a level of haemoglobm that is above that 
which IS normal for extra-uterine hfe As a result, all signs of regen- 
eration quickly disappear and the haemoglobin falls to the level which 
represents the normal equilibrium of infancy In rare cases this fall 
takes place gradually without the development of “anaemia” (606, 
662), but in the great majority the haemoglobin falls to a lower pomt 
from which recovery takes place, the so-caUed “physiological anae- 
mia ” This fall to a point below that of normal equilibnum is at- 
tended by signs of regeneration, namely the reticulocyte increase of 
the sixth to twelfth week of life It is highly probable that this rapid 
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reduction of haemoglobin iS caused by the increased blood destruction, 
and that the excessive fall is due to the fact that there is a lag in the 
development of equilibrium, i e increased blood destruction is slow 
to bo relinquished and increased formation is slow to be assumed 
Iherc are several obserx’ations tliat support this explanation (1) 
In premature babies there is evidence that the rate of blood destruc- 
tion IS relatively greater and more prolonged (Josephs, urobilin 
determination (317) and van Crcveld (135) icterus index remains 
high for a longer period ) (2) In one case studied by Josephs, a fall 
in urobilin excretion nas attended by cessation of the fall in haemo- 
globin and thereafter a gradual reduction without tlie development of 
“anaemia ’’ (3) While there is no close correlation between urobilin 
excretion and fall of haemoglobin, it was found that in general in those 
cases with stationarj’ or slowly falling haemoglobin the urobilin ex- 
cretion tended to be lower than in lliose cases xvith rapidly falling 
haemoglobin (4) There is no evidence of “hypoplasia,” for as soon 
as the haemoglobin falls to the “anaemic” level, reticulocytosis occurs 
and in those cases in which the anaemic level has been reached very 
much earlier (anaemia of newborn) reticulocytes appear at that time 
(5) The delay in assumption of increased haematopoiesis after exces- 
sive fall in haemoglobin is well seen in the cases of acute haemolytic 
anaemia in which it may be a week or more after the onset before the 
reticulocytes increase significantly in the circulating blood (6) 
Hampson, (269) from his experience wnth maternal scrum in the treat- 
ment of icterus gravis, suggests that the infant in this condition lacks 
some anti-hemolytic factor contained in the maternal serum If this 
is so, then it is quite possible that the increased haemolysis of the new - 
bom may have to be looked upon as at least partly pathological and 
due to a delay m initiating the manufacture of an antihaemolytic 
substance which during pregnancy is supplied by the mother- 
part of the “unreadiness for life” and therefore more marked in the 
premature baby 
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Factors Ineluencing the Blood Picture During the First Two 

Years oe Life 

INTRODUCTION 

Thus far we have considered the newborn period and attempted 
to discuss the mechanism by which the adjustment of haemoglobm 
and red cell levels to the normal values of infancy take place During 
the newborn period, constitutional or intrinsic factors are dominant 
and extrinsic factors play little part As the extnnsic factors, es- 
pecially those included under infection and nutrition, assume a greater 
importance with the growth of the child, constitutional factors be- 
come relegated to the background, to that vague group compnsed 
under such terms as diathesis, dyscrasia, constitutional tendency 
We know almost nothing of the regulation of blood formation, 
possibly it IS by hormones the elaboration of which is a specific func- 
tion of certain tissues, possibly the mechanism is simpler As the 
term constitution is used it is a pigeon hole in which to place all the 
facts which rely for their explanation on an understanding of the 
mechanism of regulation — ^why one child becomes anaemic when 
another under the same conditions does not, why one child shows one 
type of response and another child a diSerent type Finkelstein 
writes, (189) “Constitution is regulation, i e ability to compensate 
for disturbances at one pomt through the imtiation of regulatory 
processes . In a normal child, the processes of regulation occur so 
promptly and thoroughly that equihbrium follows quickly and at a 
normal level or only shghtly under the normal In the anaemic 
there is 'torpor of regulation’ as a result of which the equilibrium is 
delayed and possible only at a lower level ” 

A IRON METABOLISM 

Our present conception of the relation of iron metabolism or more 
specifically of iron deficiency to anaemia of infancy rests on certain 
facts and beliefs which may be summed up as follows — 

Milk has an extremely low iron content not more than a milhgram 
per htre and probably less, but vanes With the amount of handling it 
receives between the cow and the analyst Breast milk likewise 
contains httle iron, probably very little if any more than cow’s mfik. 
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though analyses differ on this point [Wallgren (705) (lit ) , personal 
ohserv'ationl 

There are deposits of iron present in the baby at birth which arc 
available for haemoglobin formation up to the sixth month of life, 
1 e during the period of most rapid relative growth 

Anaemia of nulntional origin is rare before the sixth month of life, 
but thereafter becomes increasingly common 
After tlie sixth montli of life as shown in Chart 1 there is a gradual 
fall in the normal haemoglobin curve This has been related to the 
cxliaustion of the stores by tlie end of the sixth month In babies 
whose mothers were anaemic dunng pregnancy, Strauss has shown a 
greater fall in haemoglobin by' the end of the first year 
In the premature baby the deposits of iron are smaller in amount 
tlian in the baby born at term, and it is well known that “nutritional” 
anaemia occurs relatively earlier in the premature, and is likely to be 
more severe 

Many anaemic babies who have developed anaemia have received 
an exclusive milk diet The relation of a milk diet to anaemia is 
very striking and has for at least tw’enty-livc years been used as the 
starting point for theories of etiology of nutntional anaemia 
Animals fed an exclusive diet of milk develop anaemia which has 
been shown to be due to iron dcliacncy, and which can be cured by 
the addition of iron to the milk (Copper must also be added to as- 
sure adequate utilization of iron in rats ) 

The conception of anaemia of infancy as the result of a deficiency 
receives support from the fact Uiat there is often a relation between a 
rapid relative rate of growth and severity of anaemia Iron is the 
most obvious deficiency though other deficiencies may contnbute 
(See section on vitamins below ) 

The stnking effect of iron therapy is one of the strongest supports 
for the conception of won deficiency as the pnncipal cause Among 
some workers a prompt recovery after adimmstration of adequate 
iron is accepted as proof that iron deficiency was responsible for the 
anaemia 

The majority of cases of anaemia are of the chlorotic type which 
would correspond to what should be expected from iron deficiency 
We may next turn to an examination of these statements in the light 
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of recent investigation, to learn whetlier or not we should modify 
our ideas concermng the relation of anaemia of infancy to iron de- 
ficiency It must be reahzed that the defimtely proven facts con- 
cemmg iron metabohsm are few and that most of our supposed knowl- 
edge is inference that has been accepted as fact for so long that it is 
not appreciated any longer how much of it is not proved 

Although milk contains httle iron, recent observations on iron 
balance indicate that the amount retained by the baby on a diet of 
milk alone is not negligible (316, 644, 706) Durmg the period of 
rapid growth it is altogether insufficient to meet the demands of new 
haemoglobin formation and the infant must rely on stores present in 
his body at birth or deposited as a consequence of the break-down of 
haemoglobm that occurs durmg or shortly after birth After the 
sixth month of life the amount of iron retamed while somewhat greater 
IS still not quite sufficient to meet the demands for haemoglobm 
formation, and the baby stiU has to draw on the iron of the body but 
to a smaller extent The fact that the haemoglobm tends to fall 
somewhat during this period is evidence of the relative exhaustion of 
these available stores Recent studies on the quantitative relations 
between the demand for iron and the available supply have confirmed 
the preceding statements (316), especially the relative exhaustion of 
stores by the end of the sixth month Moreover, histological and 
quantitative chemical studies have shown that at or shortly after 
birth there is a relatively large amount of iron in the liver, and that 
this becomes less after about the first month or six weeks, reaching 
low and relatively constant values by the end of the first half year of 
hfe 10, 226, 254, 618, 680 

Deficient stores Since it is impossible in the hving baby to analyze 
tissues for their iron content, all statements regarding the relation of 
deficient storage of iron at birth to anaemia are the result of infer- 
ence There are two tjqies of cases, however, m which the evidence 
points strongly to deficient stores of iron (680) (a) Strauss 670 has 
shown that babies of mothers who were anaemic durmg pregnancy, 
while bom with a normal haemoglobm, tend to have a somewhat re- 
duced haemoglobm at the end of the first year This relative anaemia 
in the baby can be prevented by giving the mother iron during preg- 
nancy MacElay had previously found that babies of mothers re- 
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cciving iron during pregnancy tended to have better haemoglobin 
values than those ot untreated mothers (427) (b) Premature babies 

since the time of Iluguoncnq and Guillemonat have been considered 
tlic classical cNamples of deficient storage Actually premature 
babies do not have greatly deficient stores m relation to weight at 
birtli (226, 429, 6S0), but only m relation to their relatively more 
rapid gam in weight 

Relation of iron to nutrition anaemia The evidence on which our 
present conception of the relation of iron deficiency to nutritional 
anaemia rests has been given at the beginning of this section This 
evidence clcarlj points to tlic importance of iron deficicncj', but the 
tendency has been toward overemphasis of iron to the evclusion of 
other factors hloreover, the conception of wliat constitutes iron 
deficicncj is somewhat lacking in definition (a) Iron deficiency 
plajs no part in the etiology of anaemia in the first si\ weeks of life 
and onK rarely m the first three months llic anaemias occurring 
in this period arc predominantly of a macrocytic-hyperchromic typo 
(b) The demonstration by McKay tliat iron prevented the rclaUvcly 
low haemoglobin in the first six months in her senes of babies is offset 
bj the demonstration by Josephs that freedom from exposure to in- 
fection can do the same thing This does not mean that iron defici- 
ency IS anj less important, but that there are other factors of equal 
importance (c) Calculations have shoivn that a lack of iron in the 
body by itself cannot account for any severe degree of anaemia 
(316), even in the premature baby, unless the stores at birth are com- 
pletely deficient — a condition rare if it ever occurs Iron defiaency 
must therefore be dependent either on a net loss of iron from the body 
or on the deposition of iron in tlie tissues in a form relatively unavail- 
able Recent studies (unpubhshed) have failed to demonstrate a 
negative iron balance sufiiaent to cause an appreciable iron deficit 
(d) One of the facts leading to the inference in regard to iron defi- 
ciency IS the frequency of hypochromic anaemia Hypochromia, how- 
ever, means no more than deficiency m haemoglobin production and 
the s}Tithesis of haemoglobin is a complicated process in which an 
adequate supply of iron plays only a part Attempts to incriminate 
the pyrrol ring or some fault in the process of synthesis m anaemia 
of infancy have thus far been unsuccessful, but one cannot exclude the 
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possibility that some other factor besides lack of iron may be of sig- 
nificance (e) The anaemia of prematurity, while clearly associated 
with iron deficiency, is also associated with other factors of import- 
ance — constitution as well as repeated infections and nutritional de- 
ficiencies (f) Therapeutic effect of iron Iron has two effects 
therapeutically, it both stimulates haemopoietic tissue and supplies 
an essential constituent of the haemoglobin molecule The stimu- 
lating action of iron while known and discussed for the past forty 
years, has been definitely demonstrated m cases of human anaemia 
only recently (313, 330, 461, 529) Some observers notably m Eng- 
land have assumed that a marked response to the admimstration of 
iron in any case of anaeima is proof that iron deficiency was the cause 
of the anaemia m that particular case In one sense that is true but 
if such a conclusion is applied to other conditions, malaria may be 
considered due to lack of quinine, or more generally any disease may 
be due to the lack of something with which it may be cured (g) 
Animal expenmentation The experimental production of anaemia 
in animals by diets deficient m iron has led to important results par- 
ticularly in learning the conditions under which anaemia is produced 
and cured One of the conditions is a rapid relative rate of growth, 
for it has been shown in rats that as the animal grows on a diet of 
milk alone the total iron of the body tends to remain relatively con- 
stant from the commencement of the milk diet, while the haemoglobin 
becomes reduced in proportion to the gam m weight (312) Since 
the rat triples or quadruples his weight in the course of a few weeks 
the haemoglobin may be reduced to a third or a quarter of its original 
value — a true iron deficiency anaemia Such a rapid relative gam 
m weight cannot occur in an infant, so that some caution must be 
used in applying conclusions reached from the experiments on rats 
to human pathology 

The facts concerning the relation of copper deficiency to anaemia 
may be briefly stated (h) Copper metabohsm i Copper appears 
to be necessary for the synthesis of haemoglobin m the rat ii Young 
animals have a higher content of copper than older animals This 
statement also applies to the mfant (338, 526, 567) iii Copper 
deficiency m the rat can be produced experimentally and probably 
depends, as in the case of iron deficiency, on the rapid relative growth 
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of the animal, i c , dilution of the existing stores iinUl they arc no longer 
present in suffiaent concentration to exert their effect If copper 
deficiency exists in infants, it is not likely that the mechanism of its 
production is the same as in the rat iv Copper is a valuable adjunct 
in the treatment of anaemia in infancy, but copper defiaency has not 
yet been demonstrated v Copper appears to act by catalyzing 
haemoglobin formation, but only in the presence of an adequate 
supply of available iron Administered by itself, copper has no ac- 
tion either on formation of haemoglobin or on the reticulocyte per- 
centage (313, 529) 

B PREMATORITY 

The influence of prematurity on the blood in the newborn period 
has already been indicated As tlic infant becomes older he comes 
under the influence of the usual extrinsic factors, the effect of whicli 
appears to be greater than in the case of the full term infant 
There are three phases to the anaemia of premature babies 
a The early “ph> siological” anaemia differing in no respect except 
quantitativel> from the “physiological” anaemia of full term babies, 
and undoubtedly duo to the same mechanism Dunng the develop- 
ment of tlie anaemia there is a failure to react to haemopoetic stimu- 
lants, but after about the eighth week iron or liver administration is 
followed b> a reticulocyte nse and a rise in red cells md haemoglobin 
There is no evidence that iron deficiency occurs in this early penod 
b This early penod of physiological anaemia passes into the second 
penod charactenzed by a continued lowenng of the color index due 
rather to a gradual nse in red cells than to a further reduction in 
haemoglobin Recovery dunng this second phase is rather slow and 
IS often not completed until the second year of life Reaction to 
haemopoietic stimuli such as iron and liver is usually good Extnn- 
sic factors play an miportant part in this penod, especially mild de- 
grees of iron deficiency 

c The third type of anaemia asenbed to prematunty differs m 
no way from the ordinary hypochromic anaemia of infancy except 
that it occurs earlier and is likely to be more profound Since the 
premature baby is exposed to the same influences as any other baby 
there have been attempts to blame the early development of anaemia 
on some constitutional or predisposmg factor 
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I Iron deficiency From the tune of Huguoneng it has been the 
custom to ascnbe the prevalence of anaemia m premature babies 
to deficient iron storage at birth As has been pointed out above, iron 
stores, though lower m the premature than in the full term infant 
(10, 67, 226, 680) may be considered deficient only in comparison with 
the relatively more rapid rate of growth Iron deficiency probably 
does not occur before the third month except under abnormal con- 
ditions leading to loss of iron such as haemorrhage or possibly exces- 
sive haemolysis, and there is no reason to believe that the response to 
iron administration that occurs at about the end of the second month 
IS evidence of iron deficiency After the third month iron deficiency 
becomes increasingly important as an etiological factor Although 
iron deficienc)'- undoubtedly plays a larger part in the etiology than in 
full term babies, it is not possible to account for any extreme degree 
of anaemia on the basis of iron deficiency alone We are forced to 
infer either a failure to utilize iron, or an inability to synthesize haemo- 
globin sufi&ciently rapidly Lichtenstein’s (408) observation that 
premature babies had for a time a negative iron balance has not been 
confirmed by more recent work (644) 

II Constitutional fault in haemopoiesis (7, 32, 202, 519, 644) 
This IS no more than the “Konstitutionelle Minderwertigkeit” of the 
German hterature, too vague a conception to admit of discussion 
It can neither be proved nor disproved, and until we know more of the 
factors regulating haemopoiesis such a conception is a not very useful 
hypothesis 

in Infection As is well known, premature babies are particularly 
susceptible to infections, especially of the upper respiratory tract 
This again points to a possible constitutional factor, but we know 
nothing yet of the mechanism The relation of infection to anaemia 
will be discussed in the next section 

IV Sj^hihs Syphilis occupies an important position especially 
in anaemia occurring in the first three or four months of hfe S 5 T)hihs 
IS a cause of prematurity and syphilis is often accompanied by anaemia 
which may at times be severe 

V The greater incidence and severity of deficiency diseases in the 
premature may be pomted out here The relation of nutritional 
deficiency to anaeima will be discussed later 
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It ma> be seen that the problem of the relation of prematunty to 
the occurrence of anaemia is a complex one, and, as \sc shall see m 
other instances, it is almost impossible to separate out one factor and 
incriminate that one as the cause of anaemia We cannot disassociate 
prematurity from the increased incidence of infections, from the pos- 
sibility of a deficiency factor, or from any of the hypothetical defects 
summed up under die term “constitution ” 

Severe anaemia occurnng early in premature babies carries a bad 
prognosis This is due not so much to the anaemia as to the underly- 
ing factors that render the premature babv’s existence precanous 
even under the best of conditions 

C INFECTIONS 

I General considcrattons 

Infections play an important part in the development of anaemia 
at any age, but especially so in infancy It is rare at this age to en- 
counter anaemia uith a clear cut etiology and generally infections, 
nutntional and constitutional factors arc so inextricably mixed that it 
IS frequently impossible to determine uhich is predominant in causing 
the particular clinical and haematological picture that is present 
Infection may precipitate anaemia, consequent loss of appetite and 
the continuation of an exclusive milk diet may prolong the anaemia 
But anaemic infants arc susceptible to infections and so a vicious 
circle IS established Anaemia starling as a result of prematunty 
or on other constitutional grounds predisposes to infection and to loss 
of appetite, and so again the vicious circle is started 

If ue exclude the newborn penod, the most important causes of 
severe anaemia in the first three months of life are syphilis and sepsis 
(343, 519, 668) As we saw in the section on physiological anaemia it 
is probable that a mild reduction of haemoglobin may be dependent 
on mild “sub clinical” infections At this age, however, constitutional 
factors are still present in all infants, and for that reason we may see 
a picture result from mild infections that we w'ould not expect later 
on In the second three months of bfe anaemia is uncommon (668) 
This appears to be a time of relative immunity to infection Toward 
the end of this penod we begin to see cases of anaemia now due to 
combination of infection and nutation with constitutional factors 
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only rarely playing any dominant part The frequency of upper 
respiratory infections and pneumonia, as well as nutritional fac- 
tors, have a beanng on the increasmg frequency of anaemia from 
this time one As the child grows, however, infections play less and 
less part, not because they are any less frequent but because as the 
child becomes older his haemopoietic apparatus becomes more stable, 
and it requires a more severe or more prolonged infection to produce 
anaemia It is therefore between the sixth and eighteenth month of 
hfe that anaemia is most frequent 

Individual variation plaj'^s a large role in the infant’s reaction to 
infection These httle understood factors that form the basis for 
individual vanation are mcluded especially by German authors under 
the general term “constitution ” It must not be forgotten, however, 
that under these circumstances “constitution” is no more than a con- 
venient pigeon-hole for little understood factors and that the use of 
the term is merely a name for our ignorance 
In Its mildest form infection by itself has little influence on haemo- 
globin and red cell counts as in the case of the mimmal “anaemia” 
occurring in the first three or four months of life or m premature 
babies for a somewhat longer period At most it prolongs a nutri- 
tional anaemia, interferes with appetite, temporarily prevents the 
curative efiect of iron, and causes a latent vitarmn deficiency to become 
active In the more severe acute infections, especially in pneumonia, 
there may occur considerable reduction in red cells and haemoglobm, 
but almost never to the extent encountered m cases in which nu- 
tntional or alimentary factors are predormnant (519, 668, Personal 
observation) Haemoglobm is rarely reduced below 6 or 7 grams per 
100 cc and the red cells rarely below three milhon The color index 
tends to be below one, but extreme hypochromia is rare Nucleated 
red cells are uncommonly encountered, reticulocytes tend to be re- 
duced, and administration of iron is not followed by the usual signs 
of regeneration Urobilin excretion in the stools tends to be moder- 
ately increased (314), so that it is probable that the anaerma depends 
to some extent on increased blood destruction which is compensated 
for only at a lower level of haemoglobin There may be some loss of 
iron during infections, but it has not yet been shown that the loss is 
sufficient to account for subsequent iron-deficiency anaemia (316). 
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After the acute phase of the infecUon is over, usually tlie haemo- 
globin and red cells return relaUvdy quickly to the normal level, 
but in many cases some form of stimulation, such as is supplied by 
inorganic iron in adequate doses, is ncccssarj' Finkclstem (189) 
stresses the point that infection interferes with “regulation” and that 
iron restores the "regulation” to its normal condition It has been 
found in some cases that iron administered after an infection is fol- 
lowed by a nsc in reticulocytes and red cells, but that tlic haemoglobin 
lags In such cases, copper may accelerate tlie haemoglobin forma- 
tion (313, 529) 

In chronic infections of moderate seventy the haemoglobin and 
red cells are often somewhat reduced and it is extremely difficult to 
raise them permanently by any means In these cases there is ordi- 
nanly no evidence of increased blood destruction and the anaemia 
appears to be of an arcgcncrativc type 
In the very severe infections represented by sepsis, furunculosis or 
pyrodermia of small, poorly developed babies, pyogeme abscesses, 
etc , the reduction of red cells and haemoglobin may not only be severe 
but qualitative changes in the blood are evidence of the profound 
damage brought about by the infection Not all severe infections 
arc attended by these changes and it is an interesting fact that a severe 
streptococcus infection such as erysipelas may not cause any disturb- 
ance whatever 

The type of picture encountered vanes witli the age of the patient 
as well as the seventy of the infection In the very young, especially 
m the newborn penod, the reaction tends to be erythroblastic and 
pseudoleukaemic, ivhile later arcgencrative or hypoplastic pictures 
tend to be more common Even in the very young, however, arc- 
generative pictures occur and not infrequently the platelets or white 
cells may be reduced, even in the presence of erythroblastosis Such 
pictures are sometimes classed as “pernicious” WTierc the hypo- 
plastic picture IS present, haemorrhages may occur, although a 
haemorrhagic tendency is by no means confined to such cases Frank 
202 distinguishes between the effects of pyemia and septicaemia, the 
former tending to cause regenerative pictures with erythroblastosis, 
the latter tending to produce a deeper haemopoietic injury with signs 
of hypoplasia In older infants and in children erythroblastic pic- 
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tures may occur but in such cases it is likely that nutntional, gastro- 
intestinal or constitutional factors are also present 

Blood destruction is often if not usually increased in these cases 
but IS generally of minor importance compared lYith damage to the 
haemopoietic function While the white cells and platelets are fre- 
quently reduced, agranulocytosis or thrombocytopenia as isolated 
phenomena, as well as aplastic anaemia, are rare occurrences as a 
result of infection in infancy (See section on Hypoplastic anaemia ) 

2 Spectjic infechons 

The infections that have been discussed up to this point are those 
pnmaril}'' associated with the ordmary pyogemc organisms, those 
usuall}" found in abscesses, pneumoma, empyema, upper respiratory 
infections, sepsis, i e , the organisms responsible for the great major- 
ity of the mfections of infancy There are, however, certain other 
infections that have been speciaU)'^ studied and in which anaemia may 
sometimes be found, another group in which a more or less specific 
anaemia may occur and a third group m which anaemia does not 
occur Taking up the last group, anaemia does not occur more than 
to a very minor extent if at all m the ordinary exanthemata, or other 
contagious diseases of childhood — ^measles, scarlatina, varicella, 
mumps, pertussis (unless pneumoma occurs) variola, memngococcus 
mem'ngitis It is doubtful if it occurs in diphtheria, although older 
writers stressed its occurrence in this disease 

Among the infections capable of producing some degree of anaemia 
are dysentery’', pyelitis and tuberculosis, in the group m which anaemia 
may be part of the chmcal picture are congemtal syphilis, malana 
and kala-azar 

a Dysentery and related organisms Acute dysentery m infancy 
is almost never accompamed by anaemia unless by comcidence 
Chronic dysenter}’’, however, not infrequently produces a moderate 
or even severe anaeima This anaemia, however, is of the so-called 
“secondary” Dqie associated with low color mdex, and is usually 
cured by iron medication even while the s5'mptoms of dj'^sentery 
persist It IS hkely, therefore, that the condition is dependent on the 
chronic gastromtestmal disturbance with difficulty in absorption 
rather than on the toxiaty of the orgamsm Sepsis due to the related 
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suipestifer organism may occasionally cause a hypoplastic blood pic- 
ture similar to that m other cases of sepsis, but ordinarily the blood 
changes of suipestifer infection arc not of any great importance 
b Chrome pyelitis (518, 619, 663) is sometimes associated with 
anaemia thatma> be resistant to treatment, but usually is not of very 
severe grade Opinions differ as to its importance Stransky con- 
siders It of considerable importance capable even of producing the v 
Jaksch syndrome, and Klcmschmidt (343) makes the statement that 
whenever he secs an obscure anaemia in the second half year of life 
wath slight fever he tlunks of clironic pyelitis In Stransky’s (668) 
statistics, pydilis was a cause of anaemia only between the third 
month and the end of the first year 
c Tuberculosis A mild unimportant anaemia frequently occurs 
m tuberculosis, while severe anaemia is exceptional, according to 
most observers (32, 343, 111) Among the French, hovvcv'cr, Uiere is 
a different point of view and tuberculosis is considered by some au- 
thors as one of tlie more important causes of severe anaemia, (398, 
541) but I cannot find any adequate basis m the literature for this 
point of view 

d Syphilis Anaemia is present in a large proportion of cases of 
congenital syphilis, especially in the first half year of hfc, (343, 398, 
668) but the relationship is not clear A fairly large percentage of 
syphilitic babies are bom prematurely or are of low birth weight, 
many have secondary infections early in life In the great majonty 
the anaemia is not severe and docs not differ from that commonly seen 
in infancy (501, 685, 752) Successful treatment of syphdis does not 
cause a cure of the anaemia (201, 295, 661, 723, 754) 

From these considerations we may conclude tliat in many cases 
sypblis IS a factor in the anaemia, but an indirect one by causing 
prematurity, predisposing to infections or in other ways interfering 
with the proper development of the infant, but that tlicre is no 
evidence from these cases that syphilis in itself causes anaemia 
There are, however, other cases m which the anaemia is much more 
severe and in which syphilis appears to play a much more direct r61e, 
and It IS these that most authors have in rmnd when they wnte of 
syphilitic anaemia Stransky (668) gives syphdis an important place 
m the anaemias of the first three months, Klcmschmidt (343) states 
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that he considers syphilis first when he encounters anaemia in the 
first half year, and in the great majority of reports of severe anaemia 
in congemtal syphilis the babies are under four months of age Judg- 
ing by the scarcity of reports, severe anaemia in syphilis in this country 
must be less common than these statements would indicate My own 
experience in looking for syphilitic anaemia during the past five years 
has convinced me of its rarity at this clmic, although mild anaemia is 
common enough in syphihtic babies 

The haematological picture in the severe cases is similar to that of 
sepsis, with all gradations from a simple reduction of red cells to an 
extreme erythroblastic and pseudoleukemic picture and less commonly 
an aregenerative blood picture (295, 333, 388, 556, 619, 661, 662, 
664, 723, 714, 752) As in sepsis, the platelets may be reduced 
even in the presence of an eiythroblastosis (434, 684, 752) Leuco- 
penia may occur rarely, and occasionally a picture has been described 
as “pernicious” in type (752) As in most cases at this period of hfe, 
the anaemia tends to be macrocytic and hyperchromic Haemor- 
rhage may occur, and syphilis is a not uncommon cause of haemor- 
rhagic disease of the newborn 

As may be seen from this description, the anaemia of syphihs is in 
no way specific and the frequent presence of severe infections in the 
severe syphilitic cases renders interpretation often difficult Klem- 
schmidt, Frank and Stransky have all stressed the occurrence of vis- 
ceral lesions in cases of marked anaemia, osseous lesions being included 
under the term “visceral,” and McLean (433) calls attention to the 
fact that in his cases severe anaemia was associated with marked 
osseous lesions (x-ray) On the other hand, widespread bone involve- 
ment may be present without anaemia (433, 681) The persistence 
of extramedullary foci of haemopoiesis characteristic of congenital 
syphilis would seem to have some relation to the tendency to erythro- 
blastic pictures, but no basis for such a relationship has been found 
in observed cases We have seen two cases, however, that are inter- 
esting from this point of view. In both there was marked erythro- 
blastosis and increase in Ijonphocytes with reduction in granulocytes 
and platelets, the urobilin excretion was low, suggesting an aplastic 
anaemia At autopsy the bone marrow was found converted into 
syphilitic connective tissue, and there was an extremely widespread 
extramedullary haematopoiesis In one of these cases there was a 
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terminal staphylococcus septicaemia which renders interpretation 
difficult 

e Malaria hfalaria need only be briefly considered There is 
\er> little in the literature on Uie peeulianties of the anaemia of 
malana in infancy, no more than a few case reports (37, 65) In 
Italy the interest in malana of the newborn penod has centered mostly 
m the question of prenatal transmission and not in the blood picture 
Jemma, (307) in an article on malana in children, merely states that 
tlie blood changes are greater in children than in adults and come on 
sooner (103) The picture tends tow ard erythroblastosis and pseudo- 
leukaemia with occasionally one that might be called permaous, which 
means the presence of mcgaloblasts, a Icucopenia and possible throm- 
bopenia Malana has been reported in the newborn penod as the 
result of placental transimssion (20, 195, 403), also following trans- 
fusion or injection of blood (172, 305, 731) In two of these cases a 
picture of ery'tliroblastic anaemia was present in the second month of 
life The ranty of malana in infancj is shown by Bclaje\a (48) 
who found no cases under two years of age in a senes of 119 cases m 
childhood 

f Kala-aaar Kala-azar or Lcishmamasis is rare except in tropical 
or subtropical countnes espcaall> Italj, southern France (about 
Marseilles) and China The anaeima is of hypoplastic tjpe with 
leukopema and increase in monocj'tcs It occurs pnmanly in early 
childhood and has been thoroughly studied m Italy and by Giraud 
m France (96, 223, 224, 306, 439, 447) 

D VITAIIINS 

The assoaation of anaemia with diseases due to vitamin deliaencj' 
IS a frequent observation, but it is not easy to determme the relation 
between anaerma and any specific defiaency The occasional case 
m which the relation of cause and effect can be demonstrated does not 
permit anv such generalizations as one frequently encounters in the 
hterature On the other hand statistical proof which would allow 
generalization has not yet been brought m any instance The diffi- 
culty rests m the number of possible collateral or intermediate rela- 
tionships 

(1) In the feeding of infants, diets defiaent m one vitamm are 
often deficient in others as well as m iron 
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(2) In ordinary tunes ■vitamin deficiencies are usually encountered 
among the poor and ignorant among -wliom anaemia is likely to be 
more common 

(3) In the period of post-ivar inflation in Germany, the incidence 
of anaerma and of deficiency diseases sho'wed similar curves as ■was 
pointed out by Aron (23) Wfiule this makes an excellent demonstra- 
tion of the association of anaemia and deficiency disease, it is no proof 
that ■vitamin deficiency ■was the cause of the anaemia, or that outside 
of such periods there ■wiU be such a close relationship bet'ween food 
deficiencies and anaemia 

(4) Premature babies, t^wins, and others of lo^w birth ■weight are 
particularly liable to both anaemia and deficiency disease 

(5) Chrome gastrointestinal disease leading to failure of absorption, 
may be the fundamental cause of both a ■vitamin deficiency and 
anaemia In celiac disease and chronic bacillary dysentery both of 
which are frequently associated ■with vitamin deficiency especially 
scurvy, the anaemia is ordinarily of the hypochromic type readily 
cured ■with large doses of iron Moreover, as has been sho^wn in sprue, 
lack of some nutritional factor closely associated ■with -vitamin B 2 
can cause a chrome nutritional disturbance -with consequent poor 
absorption and so estabhsh a -vicious circle 

(6) Vitamin deficiency may predispose to mfection and so be an 
indirect cause of anaemia and on the other hand an mfection may 
render a “latent” deficiency clinically active and at the same time 
precipitate an anaemia 

In the follo-wmg section -will be presented the e-vidence for or against 
a specific relationship between -vitamin deficiency and anaemia 

Vttmtm A 

From the few observations on the blood in cases of xerophthalima 
that are to be found m the hterature, there is no e-vidence that -vitamin 
A has any direct influence on blood formation (204, 331, 359, 617, 
628) In cases in which anaemia was present there was always some 
associated deficiency or gastrointestinal disturbance (331) In Black- 
fan and Wolbach’s (63) cases m infants, most of whom suffered from 
A deficiency in an early stage before the development of xerophthal- 
mia, anaerma was no more common that it would have been in a 
similar group suffermg from nutritional disturbances and infections. 
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Sweet and K’ang (675) conclude that vjtanun A does not by itself 
produce anaemia, basing their conclusions on a large senes of cases 
studied in China 

Vtlatmn B 

Uncomplicated benben is not associated with anaemia (331, 693), 
so that we may exclude vitamin Bi as a cause of anaemia 
Evidence connecting vitamin Bt with macrocytic anaemia may be 
summed up as follows 

(a) Bcllagra (686, 190, 68) While anaemia occurs in pellagra it 
IS only in rare instances of a specific macroc>'tic tj'pe The charac- 
tcnstic gastro-intestinal disturbance of pellagra with consequent fail- 
ure to absorb is the probable cause of the anaemia as in celiac disease 
or sprue The particular factor of the B vitamin, the lack of which 
is responsible for pellagra probably has no direct influence on the 
blood 

(b) Castle (100) has recently summed up the evidence for the rela- 
tion between vitamin B- and macrocytic anaemia of sprue, pregnancy 
and celiac disease reaclung the conclusion that while there was an 
association between the “extnnsic factor” and Mtamin Bj, (52, 653, 
671, 693, 697, 734), there was no proof of identity 

(c) Parsons, (528) basing his hypothesis on eiqienmental work on 
rats, suggested that some cases of anaemia in the newborn might be 
dependent on a lack in the diet of the mother of some substance pres- 
ent in yeast Van Creveld (136) has recently reported a case which 
supports tlie possibility of such a relationship Except for these two 
reports, there have been up to the present no grounds for connecting 
anaemia of the newborn with a dietary deficiency in the mother 

(d) The idea that goat's milk anaemia might be a deficiency disease 
seems to have onginated wath Aron (21) in 1922, on the grounds that 
the cream of goat’s milk contained no color Baar (29) found that 
he could cure goat s milk anaemia by increasing the amount of goat’s 
milk The peculianties of the blood picture and its similanty in 
many points to that of pernicious anaemia has been frequently 
pointed out, (35, 227) especially by Gyorgy (259), who also showed 
that goat’s milk anaemia could be cured by hver or yeast extract 
Rommger (581) was able to produce a hyperchromic anapTnia m rats 
by feeding goat’s milk and showed that this was a form of anaemia dis- 
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tmct from the usual nutritional anaemia of rats and could be cured 
by liver but not by vitamin C or iron This work has been partially 
confirmed by Haase (262) who also claimed that milk from goats 
whose diet contained extra amounts of vitamin B did not cause 
anaemia in his rats Up to the present this important observation 
has not been confirmed 


Vitamin C 

Recent observations have shown that deficiency of vitamin can 
cause an anaenua which is specific m the sense that there occurs after 
administration of orange juice alone a nse in reticulocytes and a rapid 
return to normal of the red cells and haemoglobin (314, 443, 462, 
529, 533) In the maj'ority of cases m infants in which both scurvy 
and anaemia are present, however, orange juice has no such effect, 
and the anaenua is cured in the usual way — ^by iron in adequate doses 
(579, Personal observ ) If vitanun C is necessary to complete mat- 
uration of the red cells as Witts (740) claims, it is difficult to account 
for the lack of a specific anaemia in cases m which deficiency of vitami n 
C IS evidently present It must be remembered that the relation 
between scurvy and anaemia is much clearer in adults than it is in 
infants To account for this discrepancy in behavior several possi- 
bihties offer themselves (1) In the infant the grade of deficiency 
necessary to produce the pathological changes of scurvy may be less 
than that necessary for the specific anaenua (2) The distribution 
of vitamin C may be uneven with greater concentration in blood 
forming organs in mfants (3) Vitamin C may be made up of more 
than one fraction 

The fact that a deficiency of vitamin C is capable of causing a 
specific damage to the blood forming tissue, does not account for the 
great maj'onty of cases m infants in which there is no such specific 
damage There is ordmanly no relation between the seventy of the 
signs of scurvy and the severity of the anaenua The half dozen 
cases of proved vitamin C deficiency anaenua are insufficient for any 

- It must be understood that vitamm C as used in this ivork does not mean cevitamic 
or ascorbic aad It is for the future to determme -whether the conception of -vitamm C 
that has prevailed up to the present is to be satisfied by a single pure crystallme substance, 
or -whether more than one -w ill be necessary 
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generalization as to type In tlicsc cases the color index tends to be 
around one, (314, 462, 228) or somewhat below, and the red cells arc 
about normal in size Apart from these few eases, the anaemia asso- 
ciated wnth scuny may be of any type, but is usually hypochromic 
m infancy (533, 579, Personal obscrv ) The fact that reticulocytes 
are not increased argues against increased hemolysis The haemor- 
rhages of scurvy arc rarely suflicicnt to account for anaemia, and 
moreover there is no relation between haemorrhagic tendency and 
anaemia in scurvy’ Bone marrow injury has been generally accepted 
as the underlying cause, but the older idea that this was dependent 
on the scorbutic bone changes is being abandoned in favor of a specific 
injury from vitamin C deficiency, although as ave have seen, the eao- 
dence for this rests on half a dozen cases, and there arc discrepancies 
which have not yet been explained 

Vtlaimn D 

The frequent association of nekets and anaemia onginally gave 
nse to the idea that anaenua, especially tlic “xon Jaksch” type might 
be due to nekets This hypothesis is now being gradually abandoned, 
in favor of the idea tliat nekets and anaemia are each due to causes 
that arc often associated (43, 189, 343, 429, 443, 519, 529, 628) It 
has been abundantlv shown that nekets and anaemia may be cured 
independently of each other by appropriate treatment, and that there 
IS no relation between the seventy of the anaemia and of the nekets 
It must be remembered, however, that failure to demonstrate a rela- 
tionship docs not mean that a relationship may not exist It has 
proved impossible in clinical work to control all the factors that might 
interfere with interpretation Animal experimentation, with its 
greater possibihties of control, has given results no more favorable 
to the idea of some relation between vitamin D deficiency and anaerma 
but results obtained in animals should be applied to ^e solution of 
human problems ivith caution 

Marfan claims to have found the relationship in tlic infections or 
intoxications that on the one hand destroyed xotamin D and on the 
other caused anaemia L Weill (720) reviewed the French literature 
very completely and from it concludes that nekets has no direct influ- 
ence on the development of anaemia 
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E POISONS 

The only poisoning of any importance m infancy causing changes 
m the blood is that produced by lead if we except the occasional re- 
sults from arsphenamine in the treatment of syphihs Lead poison- 
ing m infancy is however uncommon except m Japan where it is due 
to the use of cosmetics containing lead In this country and in Europe 
it has occasionally been reported following the use on the nipple of 
lead washes In Baltimore recently the use of storage batteries for 
fuel resulted in an “epidemic” of lead poisoning Compared with 
the public health aspects and the seventy of the disease, the problem 
of anaemia is a very minor one The red cells rarely fall below three 
and one-half nulhon or the haemoglobin below 50 per cent There 
is an increase m reticulocytes that very roughly parallels the seventy 
of the anaemia, (210, 235, 326) nucleated red cells are frequently 
present (210, 235, 326) and may occur even in the mild cases (658, 
personal observation) The percentage of stipphng in the red cells 
likewise parallels the severity, but its vanabihty and the fact that 
basophihc stipphng is not infrequently encountered in infancy at any 
time when blood regeneration is occurnng lessens its value as a diag- 
nostic aid 

The absence of anaemia of more than relatively mild degree is 
probably due to the acuteness of the course which either terminates 
fatally m a short time from central nervous system involvement be- 
fore the blood can be much afiected, or else leads to early recognition 
and elimination of the source before further damage is done It is 
only occasionally that the question of lead poisoning anses in relation 
to the problem of determinmg the cause of obscure anaemia 

E HAEMORRHAGE 

Except in the newborn period haemorrhage sufGicient to cause any 
severe degree of anaemia is uncommon in infancy A tendency to 
bleed is encountered m many cases belonging to the haemolytic- 
erythroblastic group of anaenuas mamfested by petechiae, or occa- 
sionally larger subcutaneous haemorrhages and retinal haemorrhages 
but rarely by frank bleeding sufficient to influence the haemoglobin 
This type of purpunc mamfestation is in most cases probably depend- 
ent on the underlying condition such as infection or possibly scurvy 



anaemia or INFANC\ AND rARL\ aillDIIOOD 


341 


m some eases, which increases capillarj' permeability, rather than on 
platelet reduction In some cases of sepsis, however, especially those 
associated witli “hypoplastic” picture, death may result from a pro- 
fuse haemorrhage or from tlie slow oozing of small lesions Occa- 
sionally mild infection may be accompanied by isolated purpunc 
manifestations as in the case reported by Guttfreund (257) Such 
cases arc common enough later on and are usually classed under some 
such name as symptomatic purpura haemorrhagica Wolfl (741) 
reported a case occumng in what was diagnosed as paratyphoid B 
sepsis, and rcMcw’cd similar cases in the literature It is possible that 
some of these were instances of suipcstifer sepsis Thrombopcnic 
purpura has also been reported following vaccination in infancy 
(156, 294, 503) 

Apart from such cases, thrombopenic purpura is not common in 
infancy In the newborn period it has been reported a number of 
times, but it must be remembered that platelet reduction has been 
found also in babies othcnvise normal It has also been reported 
a number of times beyond the newborn period 

Gastnc or duodenal ulcers may occasionally bo responsible for 
harmorrhage sufficient to produce anaemia These are nearly all in 
marantic babies and are often assoaated with infection In melaena 
neonatorum the bleeding has m a number of cases been associated 
ivith gastric or, more commonly, duodenal ulcer 

G TUMORS 

Little attention has been paid to the anaemia that accompanies 
malignant tumors of infancy and childhood, partly because it is of 
minor importance compared with the tumor itself, and partly because 
the blood changes rarely contribute to the diagnosis of the tumor or 
are sufficiently characteristic to catch the attention Because there 
IS no basis in the literature for thus shghting the anaemia of tumors 
except unsupported statements in the text-books and the vanous ar- 
ticles on tumors, it seemed proper to take up in some detail the effect 
on the blood of the tumors most commonly encountered m infancy and 
childhood (This is not intended to be a complete study, for I have 
merely collected a sufficient number of cases to establish the blood 
picture for each particular type of tumor, and I have not searched 
die hterature nor consulted journals that were not easily available ) 



TABLE 1 
Neuroblastoma 
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The tumors most commonly encountered m mfancy and childhood 
have been divided into groups — (1) neuroblastoma, (2) tumors of the 
kidney, (3) lymphosarcoma, (4) a miscellaneous group comprising 
sarcomata arising in retroperitoneal tissues, intestines, bone, etc 

1 Neuroblastoma (table 1) This is one of the most common of 
the malignant tumors of mfancy, occurring predominantly m the first 
three years of life It usually arises m one of the adrenal glands and 
IS characterized by its great mahgnancy, metastasizing early to the 
liver and bones, especially those of the skull Two types are dis- 
tinguished chnically (1) the “Pepper” type occurnng predominantly 
m infants with metastases to the liver which may occur so early that 
the enlargement of liver is the only sign, though usually an abdominal 
tumor IS also present Metastases to bones rarely occur m this type, 
(2) the “Hutchison” type with metastases to the skull, especially the 
orbit, giving rise to a charactenstic clinical picture In these cases 
an abdominal tumor may occasionally be absent, and the condition 
must be differentiated from chloroma In diagnosing these two con- 
ditions the blood picture can be of considerable help Metastases to 
the Ivoer are common in the “Hutchison” type, but rarely occur to the 
same extent as in the “Pepper” type of infancy Metastases to hones 
other than the skull are common and probably occur more frequently 
than they have been reported, owing to the usual failure to search for 
them Other metastases occur especially to regional lymph-nodes and 
pancreas, but they are inconstant and are of little importance to the 
present discussion 

Anaemia is associated with neuroblastoma with great frequency and 
is often profound It is less severe m the younger patients than in 
the older ones with bone metastases, and has not occurred m the 
cases occurring in the first six weeks of life The most obvious ex- 
planation of the severity of the anaemia lies in widespread involve- 
ment of the bone marrow, though it must be admitted that in the cases 
with the severest reduction of red cells, evidence for widespread in- 
volvement has not always been found in the case reports 

The anaemia is generally of the common hjqiochromic variety 
usually designated “secondary,” but, in the older children especially, 
it may be frequently hyperchromic with great reduction of red cells 
The whle count is usually shghtly raised, reaching figures above 
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20,000 three times and only m infants In a few cases Uierc was leu- 
kopenia Nculropcnta of a imld degree occurred in a number of cases 
associated usually iwth marked bone involvement Platelels in the 
few cases in ivhiA thej have been noted have been found “normal” 
in numbers even when the neutropenia was observed Haemorrhagic 
tendency has not been encountered Normoblasts have occasionally 
been found, as have also m> clocytcs, but never in excessive numbers 
Ljunphoblasts or m> eloblasts have not been present m any case m 
this senes 

2 Kidney tumors (308, 368, 649, 672, personal obsen’ation) These 
arc predominantly of the t 3 pe known as “mi\ed-cell sarcoma” or 
“Willm’s tumor ” Mctastascs tend to occur late and almost never 
arc found in the bones The h\’cr and lungs arc frcquentlj' involved 
togctlicr, the former usually by direct extension, the latter through 
the blood stream Anaemia when it occurs is seldom of great sever- 
ity as compared to the anaemia of neuroblastoma, the red cells rarely 
going below three rmllion and the haemoglobin rarely below forty- 
five per cent The seventy of the anaemia appeared to bear no rela- 
tion to ago, duration or presence of metastascs 

3 Lymphosarcoma This tumor uncommon before tlic third dec- 
ade of life has been reported but rarely in infancy (548 212) Anae- 
mia or other blood changes arc not ordinanly part of the clinical pic- 
ture as given in the ordinary accounts which are mostly based on 
expenence with adults From the available cases (160, 246, 478, 
489, 507, 620, 212) (i c , reports of cases in which blood studies have 
been included) it appears that anaemia maj be fairly frequent m 
childhood, but has no cliaractcnstics that are helpful in diagnosis 
Bone involvement occurs in a small proportion of cases and according 
to Naegeh anaemia may be severe in these cases Evans and Leucu- 
tia report three cases m adults in which bone involvement was ac- 
companied by a change in the blood picture to that of leukemia 
Landau reports the same occurrence in a child The occurrence of 
leukaemic blood pictures as a terminal event m lymphosarcoma has 
been the subject of much discussion (117, 345, 491) which need not be 
repeated here At the present time the tendency is to regard such 
cases as leukemia m which the pathological process tends to remain 
local for a time without giving nse to blood changes, and so leading to 
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a faulty diagnosis of lymphosarcoma It is probable that in these 
cases a careful examination of the blood smear would reveal abnormal 
cells that should at least arouse the suspicion of leukemia even though 
a diagnosis would have to wait for further developments 

4 Sarcoma in general is not associated with any marked degree of 
anaemia This was very evident on going over the material available 
in the records of the Harriet Lane Home and was confirmed by a review 
of the hterature Since this appears to be the general view eiqpressed 
in many accounts of the subject, it has not seemed worth while to 
cite references for the statement In the case of sarcoma involving 
bone, however, it has seemed profitable to go into more detail, for a 
^non one might expect any widespread involvement of marrow spaces 
to be accompanied by changes in the blood characteristic of marrow 
replacement such as often occur in osteosclerosis 

As long as the bone tumor remains locahzed there is in general no 
anaemia In the terminal stages, however, anaemia may be severe 
and IS then associated with vndespread skeletal involvement But 
even in such cases the characteristics of the blood picture are not 
those that one usually associates with extreme replacement of marrow 
tissue, but rather an accompaniment of a general failure of function 
associated with cachexia (71, 218, 355, 356) Even when the skeletal 
involvement is extreme there may be no anaemia worthy of the name 
Hassler and Krauspe’s case with tenmnal erythroblastosis, neutro- 
penia and thrombopenia is rare enough to stand out as an exception 

Widespread involvement of bones is rarely encountered in infancy 
and early childhood We have seen this fact substantiated in the 
case of neuroblastoma in which bone metastases are rare before two 
j^ears of age Whether or not the bones of mfants are in general im- 
mune to primary and metastatic tumors it is difficult to say, for except 
for neuroblastoma and mixed sarcoma of the kidney malignant tumors 
are exceedmgly rare in infancy I have been able to find only three 
cases of generalized bone involvement m infancy reported by (1) 
A R Meyer (three years, no anaemia) , (2) Sevier (eighteen months 
rapidly developmg anaemia coincident with skeletal metastases) , (3) 
Hassler and Elrauspe (eight months erythroblastosis, neutropenia and 
thrombopema) 

Tumors arising from cells of the bone marrow are likewise rare in 
infancy Multiple myeloma is usually considered not to occur in 
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childhood but there have been a number of reports of cases of tumors 
wth multiple lione involvement i\hich have been considered at least 
closely related to myeloma Roman two cases called myeloblastic 
sarcoma [(1) two jears, r 1 4, h 16 per cent, w 8 8, neutropenia, 
(2) three >ears, r 1 3, h 20 per cent, w 3 3 with 10 per cent ncutro- 
philes] Berkheiser (three and a half years, r 3 5, h 40, w 7 0) 
Kunsladter “myelosarcomatosis” (siv years, r 2 6, h SO per cent, 
w 6-12 with some tendenej to immaturity and the presence of cryth- 
roblasts) Slavik (eight months “anaemic”) Shvens (four years, 
no anaemia) Me^ov (eight months "anaemic”) The nature of 
these cases is in doubt, but it is not unlikely that some at least repre- 
sent an unusual form of \anthomatosis or related condition A case 
reported by B M Joseph possibly belongs m the same categorj' 
Chloroma is a form of leukemia with charactenstic involvement 
of the periosteum especially of the skull, and with invasive tendency 
In this sense it is analogous to Sternberg’s leukosarcoma The reason 
for considering it here is that it behaves clinically like a malignant 
tumor wiUi metastascs to bones A frankly leukemic blood picture is 
sometimes absent (101, 354, 493, 524, 544, 583) but even in such cases 
there are usually a number of immature forms sufficiently abnormal 
to arouse the suspicion of leukemia Nucleated red cells are usually 
present but rarely m large numbers 
The classical picture of chloroma need not be repeated here, it 
may be found in any book on hematology and in recent articles by Peer 
and Washburn in which special problems are discussed It has been 
reported a number of times in infancy (101, 182, 455, 493, 674) 
In Washburn’s case in which recovery took place following radiation, 
there has recently been raised a question as to the correctness of the 
original diagnosis of chloroma (personal communication) 

H gastro-intestinal disturbances 

Acute gastro-mtestinal disturbances are rarely if ever a factor in 
the anaemia of infancy Chronic disturbances on the other hand 
may be not infrequently associated with anaemia, but the type of 
chronic disturbance which is assoaated with anaemia is relatively rare 
in infancy There are, however, certain conditions that deserve 
special mention in a discussion of anaemia of infancy 

1 Cehac disease Because of the many points of smulanty be- 
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tween celiac disease and sprue, there is considerable interest in the 
fact that a macrocytic, hyperchromic anaemia has been reported a 
number of times in “celiac” disease, and that in some cases the haema- 
tological picture has approached that of pernicious anaemia (179, 
280, 282, 301, 529, 587, 697, 699) That these cases of macrocytic, 
hyperchromic anaemia are exceptional appears from the recent work 
of Neale, Smallwood and Shippam (497) both from reviewing the 
hterature and from their own observation Typical celiac disease is, 
however, uncommon in infancy, and although it may often be a 
question of nomenclature whether we include a given case under this 
diagnosis or under chronic nutritional disturbance, the fact remains 
that the macrocytic hjqierchromic anaemias have been almost ex- 
clusively encountered in older children and adults In infancy the 
usual type of anaerma associated with chrome nutritional or gastro- 
intestinal disturbance is hypochrormc, (179, 280, 529) though occa- 
sionally there may be present hjqierchromia (653) In a few cases in 
infancy there may develop an erythroblastic type of blood picture 
(v Jaksch syndrome). Fanconi states that the von Jaksch picture 
tends to occur in the younger children while pernicious pictures occur 
only m older patients, but the dividing line between the von Jaksch 
picture and the pernicious picture is not always a sharp one as we shall 
point out later. The erythroblastic picture has also been described in 
adults (52) Stanqvist (652) reported a case with severe anaemia and 
tendency to haemorrhage 

The factors that enter into the etiology of the anaemia are some- 
what complicated At the present time it is believed that relative 
failure of absorption plays a large part in the symptoms of celiac 
disease This might lead to deficiency of available iron and so to 
the development of a hjqiochromic anaemia Vitamin deficiency 
diseases are not uncommon occurrences in the course of cehac disease, 
and these children are particularly susceptible to infections The 
presence of a macrocytic anaemia and its cure with yeast and yeast 
extracts suggests a deficiency m Castle’s “extrinsic” factor as has been 
discussed above (section on Vitamins — ^Vitamins B) Finally Fancom 
reported some cases in which the chronic gastro-intestmal disturbance 
cleared up foUowmg the successful treatment of the anaeima with 
iron 
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2 Goal’s milk anaemia The distinction between goat’s milk 
anaemia and cow’s milk anaemia while bad from a logical point of 
view', since it implies something of which there is no proof, is useful 
clinically One of the cliicf differences in the chnical pictures is that 
babies who have tlic anaemia that has come to be considered charac- 
teristic of goat’s milk tend to have a more or less chronic diarrhea often 
reminiscent of that of celiac disease and are usually' poorly nounshed 
and poorly developed (79, 227, 259, 66S)— what in Germany, whence 
come most of the reports, is called “dy'strophy” — while tlie babies 
developing anaemia on cow’s milk are more likely to be constipated 
and are generally in a better nutritional condition The anaemia that 
has come to be considered charactcnstic of goat’s milk feeding is of a 
tvpc described by Gyorgy and others before him as pernicious (35, 
227, 259, 588) The distinction between what some call “pernicious 
pictures” and otlicrs call the “v Jaksch picture” is not clear, and will 
be discussed later It need only be pointed out here Uiat certain 
charactenstics of pernicious anaemia occur following the feeding of 
goat’s milk in association with a more or less chronic gastro intestinal 
disturbance The reasons for believing that these cases arc due to a 
deficiency of “cxtnnsic” factor have been given previously (section 
on Vitamins — Vitamin D) It must, however, be noted that the 
relation of cause and effect between the blood picture and chronic 
gastro-intestinal disturbance is not clear and in many if not the 
majonty of cases the development of anaemia appears to have ante- 
dated the diarrhea 

3 Gastric acidity Of late years increasing interest is being taken 
m gastric analysis in relation to the anaemias of infancy Up to the 
present, however, there are too few determinations by the more recent 
methods — alcohol test meal, histamine stimulation and fractional 
analysis In general, in normal infants the secretion of HCl is lower 
than m older children or in adults (34, 109, 176, 344, 476, 495, 625, 
654, 657) It IS reduced below the level normal for the age by infec- 
tions and gastro-intesUnal disease (142, 451, 748) Gastric analysis 
in anaemia has given discordant results, but enough has been learned 
to indicate that this procedure is not very useful in the clinical differ- 
entiation of the various types of anaemia In the hypochromic 
anaemias Eawskley and Lightwood (280) found HCl deficit in all the 
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cases examined, and in two cases in which subsequent determinations 
were made achlorhydria persisted after the anaemia was cured 
Ogihie found achlorhydna m only two of nineteen cases while m twelve 
of the nineteen cases the HCl was considered within normal limits 
though the lower limit of normal was less than is usually considered 
normal m adults Fabei and his co-workers found low HCl m 10 
cases examined The interest in these figures and m the “normal” 
low figures rests in the possibility that iron deficiency anaemia may 
depend to some extent on a failure to absorb iron consequent on the 
low acidity Such an inference is highly hypothetical and it is im- 
possible to test it by observation until some method is devised for 
studying iron absorption 

HCl deficit has also been found in congenital haemolytic jaundice 
(512), Mediterranean anaemia (353, 725), sickle cell anaerma (715), 
von Jaksch sjmdrome (512), cehac disease with hyperchromia but no 
anaerma (653), goat’s milk anaemia (259), (one of four cases) and 
anaemia of hook-worm disease (574) (It is not profitable to give the 
figures here, as the figures vary according to the method used, and 
the method has varied with each investigator ) 

4 Inteshiial parasites Worms, except for tropical and subtropical 
regions and certam other parts, are a rare cause of anaemia in children 
Ascans is practically never a cause, although there are occasional 
reports in which ascans mfestation and anaemia occur together (339, 
130) Mathieu reports a tribe of Arabs given to eating dirt for religi- 
ous purposes among whom over fifty per cent of the children were 
infested In cases in which ascans infestations alone was present 
there was almost no anaemia, while severe anaerma occurred only in 
cases with multiple infestations TrtchocepJiahfS dtspar {trtchmns 
iricJmcra) has been not so infrequentty reported as a cause of anaemia 
in children but only rarely in mfancy (339, 523, 668) The anaeima, 
when it occurs, appears to be due to the slow blood loss (339, 523), 
but chronic gastro-mtestinal disturbance that accompanies the m- 
festation may have some part in the etiology (184, 237, 420, 679, 702). 
A recent survey of school children in an endemic focus in Louisiana 
failed to demonstrate anaemia was any more common in earners of 
the worm than in those nor harboring it (523) Taenia solium and 
taenia sagmata have not been reported to cause anaemia DiphyT 
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Molhntim lalum infestation, as is well knoiTO, occurs with frequency 
on the Baltic coast where anaemia of a pernicious tj^ie occurs in about 
one of every five thousand earners The infestation occurs in this 
countrj' among Finns in whom it has caused anaemia It has also 
occurred in otlier than Finns, cspcaally in Jewish people in Brooklyn, 
but has not been assoaated wiUi anaemia 

The only intestinal parasite that practically need be considered as a 
cause of anaemia in tins country is the hook-'Morm Cases in infancy, 
however, are not common since in the first place the opportunities 
for infestation arc rare at this age, and in the second place a certain 
amount of chronicity is necessary for the development of anaemia 
The anaemia of hook-worm infestation is of the hypochromic type 
usually described as “secondary (331, 574) ” It responds to iron 
even in the presence of the worms (331, 574), but responds only slowly 
after removal of the worms if iron is not given There is no conclu- 
sive evidence that there is any specific substance associated with 
the parasites capable of depressing tlic bone marrow or causing hemo- 
lysis (197, 574), and the present conception is that the anaemia is due 
to chronic blood loss (197, 500, 722, 574), though the seventy of the 
anaemia docs not always run parallel with the seventy of the infesta- 
tion (126, 519, 637) It is of course possible that chronic gastro- 
intestinal disturbance may play a part in the etiology (331, 574, 724) 
Gastnc anacidity is a frequent finding Experimentally, it has been 
shown that hook-worm infestation m dogs is much increased and the 
haemoglobin is lower in dogs receiving a deficient diet (197) It has 
also been observed clinically that the seventy of anaemia was greater 
in the poorly nounshed Chandler stated his belief that the anaemia 
was due to a specific injuiy to the bone marrow caused by some sub- 
stance denved from the worm, but those who have made special 
studies of the blood do not share this view (574) 

5 Pancreatic disease Brugsch (82) has recently called attention 
to the presence of a macrocytic anaemia assoaated with chronic 
pancreatic disease in adults As far as I am aware this association 
has not been desenbed m children The reason for the assoaation 
has not been determined, but it is not unhkely that liver injury is an 
intermediate factor **Cysts“ of the pancreas have been desenbed 
m infants especially in connection with vitamin A deficiency (63, 89, 
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411, 647) Some anaemia may be present but no more than might 
be expected from the condition of the child From the work of Wol- 
bach and others it is likely that the so-called cysts are no more than 
ducts dilated as a result of occlusion 

I DISEASES OE THE LIVER 

1 Cirrhosis of the Ivoer (table 2) As is well known anaemia of 
moderate severity is frequently encountered m cirrhosis of the hver. 
The aaerma is rarely severe, however, and haemoglobin values below 
fifty per cent appear to be uncommon The red cells are reduced to a 
greater extent than is usual in anaemias of infancy and childhood so 
that the color index tends to lie for the most part m the neighborhood 
of 1 00 Occasionally color indices above 1 20 are seen It is true 
that the presence of jaundice may give apparent haemoglobin values 
above the real ones, but the maximum error from this source does not 
exceed about ten per cent, and the j’aundice present in these cases was 
rarely sufficient to mtroduce an appreciable error The white cells 
are usually mcreased in infancy and lymphocytosis is not infrequently 
encountered In somewhat older children up to seven or eight years 
of age Ijnnphocytosis appears to be much less common, its place being 
taken by leucopenia and neutropema In the cases above ten years 
of age blood changes of any sort were distinctly uncommon Plate- 
lets were frequently reduced m the mtermediate age group but not m 
infancy Nucleated red cells were generally absent 

2 Hepatomegaly not associated with cirrhosis (table 3) This group 
comprises the cases of “glycogen disease” and the possibly closely 
related “hjqiertrophic steatosis,” described by Debre and first studied 
in any detail by Kramer, Grayzel, and Solomon In these cases 
anaemia is rarer than m cases of cirrhosis and in only one case was it 
at all severe The most outstanding findmg is lymphocytosis with 
moderate mcrease in the white cells Leucopema with neutropenia 
was found twice in older children 

3 Atresia or congenital absence of the bile ducts (table 4) In this 
group, confined of course to infancy, anaenua is very moderate ia 
degree when it occurs It is unfortunate that in the majonty of 
reports the author has not bothered to include blood studies From 
the available cases we may observe a tendency to increasing anaemia 
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With increasing ago The color index w as not abov c one in any case, 
and lymphoc> tosis occurred tlirec tunes 
4 Primary tumors of the Itvcr These arc among the rarest malig- 
nant tumors that occur in infancy and are included not because of any 
importance as an cbological factor in the anaemia of infancy, but 
because in a discussion of the relation betueen liver disease and 
anaemia the type of anaemia occurring in association nith malignancy 
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has some significance As may be seen, anaemia occurs and may 
be severe (158, 211, 320, 651), but there seems to be a relation between 
duration and seventy (233, 375, 470, 522, 746) The color index 
tends to be usually m the neighborhood of 1 00 Lymphocytosis was 
uncommon, and leucopema did not occur Normoblasts were present 
m one case 

The relation of the disease of the liver to anaemia is an almost un- 
touched field of investigation In the last few years mterest is being 
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taken in this subject following the contribution of Wintrobe and Shu- 
macker calling attention to the existence of a macrocytic anaemia in 
cases of widespread cirrhosis of the liver, and suggesting the possi- 
bihty that in these cases there may be failure properly to store haemo- 
poietic factor Improvement that has been reported following liver 
therapy supports this hj^othesis 

As may be seen from this compilation of cases of liver disease hyper- 
chromic anaemia tends to occur with some frequency In addition 
there is (1) a tendency to “hypoplasia” (neutropenia and thrombocy- 
topenia, absence of nucleated red cells) confined almost wholly to 
cirrhosis, and to the ages between three and eight years, and (2) a 
tendency to lymphocytosis in infants with cirrhosis and in non-cirrho- 
tic hepatomegaly 

The relation between the anaemia and disease of the liver is not 
a simple one A certain amount of chronicity appears to be neces- 
sary for its development but there is no relationship between the 
extent of the process in the hver and the degree of anaemia The 
mechamsm of the anaemia is not clear and there are almost no ob- 
servations bearing on this point The neutropenia and thrombocy- 
topema which are interpreted as evidence of “hypoplasia” occur 
independently of the anaemia Hyperchromic anaerma is more fre- 
quently present m association with a haemolytic than with a hypo- 
plastic process, but no studies to test the presence of increased haemo- 
lysis have been carried out 

If the “hypoplasia” and the anaemia are not dependent on the ex- 
tent of the lesion they must be associated in some way with the process 
which has brought the condition about It need only be pointed out 
that the spleen is almost regularly involved m the cases with cirrhosis 
which makes up the group in which the “hypoplasia” is present 
This fact brings these cases into relationship with those in which there 
is primarily an involvement of the spleen and particularly of the 
reticulo-endothelial tissue, to be discussed in the next section 

J DISEASES INVOLVING THE SPLEEN AND EETICULO-ENDOTHELIAL 

SYSTEM 

1 Gaticher’s disease (table 5) Gaucher’s disease in infancy is more 
acute than it is m older children or adults, and is characterized in 



ANAEXnA OF INFANCY AND EARLY CHILDHOOD 


359 


many cases by cerebral symptoms— gradually developing spastiaty, 
opistliotonos, internal strabismus, mental retrogression, eventually 
loss of all voluntary motor function and m some cases apparently 
complete amentia (153, 297, 508, 479, 597) The pathological process 
IS often as widespread as tliat in Niemann-Pick’s disease from which 
It IS with difficulty to be distinguished (153, 268, 364, 367, 492, SOS, 
570) The bone marrow is involved at an early age, (179, 508) 
and the process can be w idcly distributed in the bones by tlic end of the 
first year (550), though characteristic changes in the roentgenogram 
have not been reported before the end of tlic tliird year of life (346, 
550, 692) Pick (550) and others have suggested tliat bone marrow 
involvement is hastened by splenectomy, and Pick speaks of an os- 
seous form of tlie disease in which tlic lesions in the bones arc out of 
proportion to tliose elsewhere Such cases have, however, not yet 
been encountered in infancy 

Blood In the cases thus far studied, there is little if any reduction 
m red cells or haemoglobin in cases occurring before the end of the 
first year of life From then on, however, rclativclj severe anaemia 
occurs with considerable rcgulanty After the third year of life 
anaemia again tends to be less severe The anaemia is of a “hypo- 
plastic" or aregenerativc type with tendency to neutropenia or 
lymphocytosis, few if any immature red or white cells Thrombo- 
pcnia has been commonly present after the second year of life, before 
tliat time the platelets have been mentioned so infrequently that a 
generalization is impossible The absence of haemorrhagic diathesis 
m infancy would seem to indicate that platelet reduction ma> not 
occur to the same extent as later While neutropenia is common 
enough in infancy a total reduction in white cells is only rarely en- 
countered before the end of the second year Except in the case 
repotted by Guglielmo, Gaucher cells have not been seen in the pe- 
npheral blood 

The changes in the blood have been attributed to involvement of 
bone marrow There are certain facts, however, that cast doubt on 
this The seventy of the anaemia bears no constant relation to the 
extent of the marrow involvement In osteosclerosis and marble 
bones we see the picture that r»sults from marrow replacement m its 
pure form, and the charactensUc blood picture of Gaucher’s disease 
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bears no resemblance to it ® While these facts do not exclude bone 
marrow involvement as a factor m the blood picture, Ullrich’s 
observation that the anaemia became less marked after splenectomy 
while the bone lesions became more intense indicates that the process 
in the spleen itself is probably a factor in the development of “hy- 
poplasia ” 

There is no clinical evidence for increased blood destruction The 
deposition of iron in the spleen cannot be accepted as such evidence, 
for it may be due to increased tendency to retain iron rather than 
excrete it Studies of stool urobilin excretion are needed to settle this 
point as well as determination of iron balance or other methods for 
testing iron retention 

2 Ntemann-Ptck disease In Niemann-Pick’s disease the red cells 
and haemoglobin are reduced to a very moderate degree if at all, the 
red cells seldom going below three and a half million, and the haemo- 
globm below about fifty to fifty-five per cent Leucopenia occurs 
occasionally m the second year of hfe (361, 611) Relative neutro- 
penia is fairly common, but in absolute numbers the neutrophiles are 
usually not reduced The lymphocytes are usually increased in 
absolute numbers and occasionally there is considerable lymphocytosis 
or monocytosis (41, 188, 351, 559, 636) Pick mentions especially 
the presence of vacuolated cells, which were noted in only three cases 
outside of his own (41, 188, 712) It must be remembered that the 
majority of authors have paid little or no attention to the blood and 
have merely reported the routme blood counts or none at all Plate- 
lets are only slightly if at all reduced, being below 100,000 only once 
Haemorrhagic tendency are present in no case 

The bone marrow was regularly involved in the pathological proc- 
ess, but only rarely to any considerable extent, and never sufficiently 
to interfere with marrow activity Though the majority of reports 
mention a yellowish color to the skin, j'aimdice has not been present 
m any case 

Because of the msignificance of the blood changes the table con- 
taimng the blood findings m Niemann-Pick disease has been omitted 

^ An exception to this statement is found in a case of Lesn6, Clement and Guillan m 
which there v,as fairly severe anaemia with mcrease in reticulocytes and the presence of 
erythroblasts and myelocytes 
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The foregoing account has been based on the following articles 
Abt and Bloom, Berman, Baty, Bloom, Corcan, Obcrling and Dienst, 
Fisher, Hamburger, Knox and Ramsey, Kno\, Wahl, and Schmeis- 
ser, Jenny, Kramer, Poncher, Schift, Schmitz and Thoencs, Was- 
cowitz, Smetana 

3 Xanlliomalosts This term, introduced by Rowland, is used to 
cover a ratlicr miscellaneous group of cases charactcnzcd by pro- 
liferation of cells of “reticulo endothelial” origin containing cholesterol 
and other lipoid material The outstanding charactenstic of this 
group IS the tendency to involve bones, particularly the bones of the 
slvull giving rise to the now well known Hand-Schviller-Chnstian 
s>ndrome with exophthalmos, diabetes insipidus, and not infrequently 
delaj m growth The flat bones are most often involved, Uie long 
bones rarely, except the femora, and the process is usually fairly 
sharplj demarcated from the surrounding bone, giving rise to well 
defined areas of destruction Outside of these areas the bone marrow 
IS usually little involved 

In these cases, in which the processes arc circumscribed (table 6) 
even though their distnbution may be wide, anaemia is usually not 
present or is mild, and there is nothing in the blood picture to attract 
attention In only three cases among those m the table was tlierc 
severe anaemia, though it nught have been found in the other fatal 
cases had the blood been studied more closely There is litUc to lead 
to an> idea concerning the nature of the process responsible for the 
anaemia In the two cases sufficiently studied, it was striking that 
the anaemia developed with great rapidity in Uie last few weeks of 
life 

In table 7 I have collected those cases in whicli the bone involve- 
ment was much more widespread It is noticeable that the whole 
process appears to be more widely distnbuted throughout the body, 
for the liver and spleen are regularly enlarged, that the majority of 
the cases occur m infancy, and that the Schuller-Christian syndrome 
IS not present— only one case showed diabetes insipidus at the onset 
two years before the fatal ending There is no reason to separate 
this group from the other except for convenience in classifying separ- 
ately a more widely diffused and rapidly fatal form 

The blood picture m these cases is striking and suggests that of 
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bone marrow replacement, rapidly developing anaemia, reduction in 
platelets, tendency to haemorrhagic diathesis, and increase in erythro- 
blasts, the same picture that is encountered in osteosclerosis 
4 nodglm’s disease The influence of Hodgkin’s disease on the 
blood picture vanes mth the stage of the disease, the severity and the 
extent of tlic pathological process, especially its presence in the bone 
marrow In the early stages and dunng remissions the blood picture 
IS essentially normal As long as the disease progresses slowly, there 
IS little if any anaemia, until it has reached an advanced stage when 
anaemia may be severe Table 8 contains tlie cases reported m dul- 
dren up to five years of age Tins table is not representative smee in 
tlie majonty of instances the reporting of a single case means that 
there was something unusual about it, and we must turn to such ar- 
ticles as those of Smitli and Corbeillc, who have reported large num- 
bers more or less statistically, for our knowledge of the average case 
(124, 347, 491, 638) There is little that is characteristic In the 
rapidly progressive case tlie anaemia tends to become severe and is 
usually of a hypoplastic variety While Icucocytosis often with rela- 
tive lymphopenia is the rule, leukopenia frequently is present in those 
cases that develop anaemia The relative and often absolute reduc- 
tion in lymphocytes is stressed by all wnters on the subject and is 
hnked with tlie seventy of the disease, for a fall in lymphocytes is 
generally regarded as a bad prognostic sign The development of 
leukopenia and thrombopcnia witli tendency to haemorrhage, m 
the cases ivith severe anaerma, indicates involvement of the bone 
marrow (31, 183, 95, 499), as docs also the case of Wollstein and 
McLean with erythroblastosis It is of course possible that a terminal 
aplastic blood picture may be the result of too vigorous treatment 
with X-ray or radium The case of Nicolaefl and Zimbler might 
belong here, as well as a case cited by Corbeille 
Involvement of bone and bone marrow in Hodgkin’s disease has 
recently come m for considerable attention (127, 370, 483, 564) 
Uehlmger has recently reviewed the subject thoroughly and finds that 
m those cases with no bone involvement or merely a localized arcinn- 
senbed process m the bone there is little tendency to anaemia, and in 
those cases, much more rare, m which there is widespread diiseimna- 
tion of the process, anaemia and leukopema may develop rapidly 
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The rapidity with which anaemia develops is a relative matter From 
the cases in the table we see anaemia developing over a period of eight 
to ten weeks or longer, but apparently never with the speed that we 
encounter in the haemolytic group Although there is usually httle 
that IS characteristic about the anaemia of Hodgkin’s disease except 
when signs of hypoplasia supervene, occasionally there may be clear 
evidence of increased blood destruction The increase in reticulo- 
cytes in Levy’s case suggests this Also one of Huhn’s cases with a 
pernicious picture suggests it Davidson has reported cases in adults 
m which the anaemia is clearly haemolytic More attention to the 
nature of the anaemia in Hodgkin’s disease is needed 
There is perhaps no better illustration than in many reports of 
Hodgkin’s disease of a tendency which is actually present throughout 
all of medicine when it comes to a study of the blood Diagnosis is 
too often considered in terms of the giving of a name not in terms of the 
understanding of a process Again and again we see in these tables 
only one report on the blood and one is left wondering what happened 
as the disease progressed, or the bones became involved Such 
omissions can mean only that either the person who reported the case 
or the one who studied it was not very much concerned with what was 
going on and what the study of the blood could tell him Those who 
report the picture of Hodgkin’s disease statistically seldom pay at- 
tention to the blood because it is of httle importance in diagnosis 
Others report important blood changes casually and do not mention 
the bone marrow in their report These are not isolated instances 
It IS not so much that the blood findings are not reported, if they are 
unimportant, but that the reader of the article is not permitted to 
judge for himself and the blood is considered unimportant for the 
wrong reasons A “normal” blood picture may be unimportant from 
one point of view, but if the autopsy showed widespread destruction 
of bone marrow, the “normahty” of that blood picture becomes of 
the utmost importance Diagnosis is not the giving of a name, it 
is the understanding of what is going on, how it started and why, the 
blood IS important as a means of assisting our understanding, not 
merely as a help in classification 

5 Rehcido-endothehosts This is a term applied to a group of cases 
in which there is found at autopsy a widespread proliferation of a type 



ANAEMU or INEANCV AND LARLY ailLDlIOOD 371 

of cell ■which IS interpreted as arising from the reticulo endothelial 
tissue It IS a useful term for grouping together a number of cases 
as ha'ving certain histological features in common, but it is not to be 
looked on as a disease entity 

Several attempts liave been made to classify the conditions in 
nluch there occurs reticulo endothelial proliferation They maj' be 
divided into four groups according to Uchlinger’s scheme and nomen- 
clature 

1 Storage reticulosis— Gaucher’s disease, Niemann-Pick disease, 
xanthomatosis, and cases i\ith storage of hpoid matenal folloinng 
lipcmia as in diabetes 

2 Infections— reactive 

(a) Specific etiology (as in tjiphoid, malignant endocarditis, tu- 
berculosis) 

(b) Etiology non-specific, but possibly infectious in origin 

3 HjTierplastic group (Cases without any charactenstics point- 
ing to any etiological factor ) 

4 Dysplastic group (Malignant tumors — leukemia ) 

This classification cannot be regarded as in its finished state The 
second and third divisions are too ill defined to be considered per- 
manent Hodgkm’s disease belongs somewhere among these con- 
ditions, probably under 2 a or 4 

The cases that have been collected in table 9 occurring in infancy 
and early childhood form a special group that clinically and patho- 
logically have much in common, and form the majority of the cases 
constituting group 2 b The course is that of a subacute sepsis with 
which the entire clinical picture is compatible The spleen, liver 
and lymph glands arc enUiged, there is an intermittent fever, and 
there may be a moderate degree of anaemia The bone marrow is 
involved probably in all cases, but the X-ray examination does not 
always demonstrate it The changes m the blood are not very con- 
stant or charactenstic, being those of a severe infection or sepsis — 
some tendency to neutropenia and thrombocytopenia, occasionally 
immature forms In one case the picture was that of aplasia both 
chmcally and pathologically but in the others there appeared to be no 
relation between the blood picture and marrow involvement Nearly 
all the cases have shown a haemorrhagic tendency at some time in the 
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course The condition may be suspected on clinical grounds, but 
diagnosis at the present time rests on the findings at autopsy 
I here is nothing in the reported cases that indicates that wc arc 
dealing mtli a disease entity Rietschel points out their similanty to 
cases of generalized xanthomatosis On the other hand in many ways 
they resemble Hodgkin’s disease, differing principally in the mde 
dissemination of the process and the acuteness of the course The 
pathological picture is identical xvith that of those portions of the 
xanthomatous process in nhich lipoid material has not been deposited, 
and there may be in Hodgkin’s disease sections without the typical 
Dorothy Reed cells in which differentiation from reticulo endothehosis 
IS impossible The case desenbed by Schultz, Wermbter and Puhl 
was reported as a “granulomatous system-disease of the haemopoietic 
apparatus ’’ It is placed among the xanthomatoses by Chian and by 
Rowland, it is called Hodgkin’s disease by Baar, it is considered a 
malignant tumor by Epstein Foot and Olcott noted the resemblance 
of the changes in the spleen in tlicir case to those of Hodgkin’s disease 
The descnption of certain cases of Hodgkin’s “sarcoma’’ strongly 
suggests that they may belong in tlie group wc are discussing, and the 
case of Wollstein and McLean of Hodgkin’s disease of the thymus, 
with a slightly different interpretation might easily fit the picture of 
reticulo-endothcliosis Dameshek places Krumbhaar’s case of Hodg- 
kin’s disease of the bone marrow in this group, and considers the pos- 
sibility that the two conditions may be different manifestations of the 
same disease 

6 Splenic vein thrombosis This condition has lately come into 
prominence largely replacing Banti’s disease as an explanation of 
splenomegaly with liacmatemesis, at least in children The diagnosis 
as used at the present time docs not depend on the demonstration of 
the thrombosis but on changes in the spleen that are explicable only 
on the basis of venous stasis The cause of the stasis is demonstrated 
in a minority of the cases and it is unusual to learn anything of the 
events leading up to the anatomical changes Clinically these cases 
are characterized by the following (1) Haematemesis, usually the 
symptom to bring the patient under observation, and often mistaken 
for gastric ulcer (2) Fluctuations in the size of the spleen — enlarge- 
ment between haemorrhages with marked reduction immediately 
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following one WMle these characteristic fluctuations are diagnostic, 
they are not always present (3) Occasionally ascites and intestinal 
haemorrhage usually attributed to mesenteric thrombosis or involve- 
ment of the portal vein (4) Rarely cirrhosis of the liver 

The examination of the blood may show charactenstic changes 
There is of course anaemia as a result of the loss of blood, but the red 
cells and haemoglobin often do not rise as rapidly as usual after 
haemorrhage The white cells and platelets are frequently found 
reduced both after haemorrhage and m quiescent periods (137, 239, 
276, 516, 610, 704) Nucleated red cells are rare These changes 
indicate the presence of “hypoplasia” and are no different from those 
of the so-called “splenic anaemia,” a most voluminous pigeon-hole 
too often contaming anythmg with a splenomegaly and anaemia that 
cannot be placed anywhere else Opitz emphasizes the blood changes 
as charactenstic, while Smith and Farber did not find them in their 
cases and feel that they have no significance As we have seen, the 
same “hypoplastic” picture is encountered in other conditions with 
splenomegaly, such as Gaucher’s disease, cirrhosis of the liver, Hodg- 
kin’s disease, and “reticulo-endotheliosis,” and often disappears after 
splenectomy It is hard to escape the possibihty that a proper valua- 
tion of the blood changes might lead to a better understanding of 
the condition 

The syndrome of splenic vem thrombosis has usually occurred 
beyond the age of three years but it has been reported in infancy, and 
in many older children a history of splenomegaly goes back to infancy 
even though the first haematemesis did not occur until later (137, 
239, 641, 667, 704, 735) 

K INVOLVEMENT OF BONES 

Osteosclerosis (table 10) Clinically this condition appears to be of 
two types (M B Schmidt) (1) a “primary” type, frequently having a 
familial incidence, often beginning m infancy or childhood, and going 
under the name of Albers-Schonberg’s disease, osteosclerosis fragihs 
generalisata, marblebones, osteopetrosis, and (2) a “secondary” type 
associated with various diseases of haemopoietic system, especially 
leukemia A distmction between these two types is not always clear 
The cases that have been reported in infancy and early childhood 
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summarized in the table consist entirely of the primary type As far 
as can be judged from the available information the blood changes 
depend largely on the extent of the involvement of the marrow in the 
sclerotic process, but the disease may show considerable advance be- 
fore any change in blood picture takes place In the cases with 
anaemia the outstanding features are (1) tendency to erythroblasto- 
sis, (2) tendency to leucocytosis sometimes extreme, (3) frequent 
preponderance of mononuclear elements — lymphocytes and mono- 
cytes, (4) tendency to immature forms among the myeloid elements 
particularly myelocytes though myeloblasts are also sometimes pres- 
ent, (5) tendency to reduction m platelets Terminally there may be 
increasing evidence of hjqioplasia with purpuric manifestations and 
haemorrhage There is usually splenomegaly and often hepatomegaly, 
the spleen and liver being the seat of extramedullary blood formation, 
which has also been reported in the kidneys in young infants Icterus 
is rarely present In some of the early cases the condition was con- 
fused with leukemia and reported as such 

The blood changes have been ascnbed to encroachment by the osteo- 
sclerotic process on the marrow spaces but autopsy has usually shown 
that the marrow is fibrous and that normal marrow tissue has almost 
completely disappeared in advance of the osteosclerotic process 

The secondary type has been descnbed only rarely in childhood 
Hassler and Krauspe reported a case in a two year old child with leu- 
kemia In this case a biopsy showed only the osteosclerosis, autopsy 
reveahng the true nature of the process Frank’s case is of mterest, 
for it IS possible that the osteosclerosis may have developed secondary 
to congenital haemolytic jaundice The occurrence of osteosclerotic 
changes in sickle cell anaeima (484) renders this possibihty plausible 

Apart from osteosclerosis the relation of processes involving bone 
or marrow to anaemia is not at all clear In the case of tiwu?r 
melasiases, rare m infancy, changes in the blood depend quite as much 
on the type of tumor as on the extent of the marrow involvement 
which is rarely sufficient to produce a picture of bone marrow replace- 
ment Primary tumors of the bone rarely cause anaemia until the 
terminal cachectic stage, except for those arising from the cells of the 
bone marrow This subject has been discussed under “Tumors ” 
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The group of conditions associated with splenomegaly and mde- 
spread involvement of the reticuloendothelial tissue in most eases arc 
assoaated with lesions in tlie bones Gaucher’s disease, Xanlhomatosis, 
Hodgltn’s disease, “Rchculo-aidolhcliosis" espcaally It is rare, 
however, tliat the blood changes have been shoivn to be dependent on 
direct marrow involvement, except possibly in Xantliomatosis 
In Lculemia the marrow is regularly involved and marrow replace- 
ment probably plays a large part in the development of anaemia 
Involvement of the bone in leukaemia can be recognized dunng life bv 
changes in the roentgenograms which have only recently received 
adequate attention (128, 323, 325, 561, 645, 677) 

The bone changes charactenstic of tlie hemolytic-erythroblastic 
group of anaemias especially Mediterranean anaemia and sickle cell 
anaemia have usually been considered to be a result of the marrow 
hyperplasia 

In rickets and scurvy, as already stated, there is little reason to 
believe that the associated anaemia is due to direct involvement of the 
marrow in the same process that affects the bones In congenital 
syphilis on the other hand there may be a more direct relationship 
between bone mxolvcmcnt and anaemia tliough the usual presence of 
other possible factors renders sudi a statement difficult to prove 

L LEUKAEMIA. 

It IS hardly necessary to do more than touch on leukaemia since 
the anaemia is only incidental to the much more serious condition 
and leukaemia is thoroughly described in every text-book It need only 
be pointed out that leukaemia is not uncommon m infancy, at which 
time It IS mvanably acute and often appears in an aleukacmic form 
The term “alcukaemic”has two meanings (1) leukaemia with a normal 
blood picture, (2) leukaemia with marked reduction in white cells 
but in which the cells are evidently abnormal The first is extremely 
rare though apparently it does occur The second occurs frequently 
though in many cases the abnormality of the cells may not be great 
enough to assure the diagnosis on a single examinabon The type of 
anaemia in the acute case is aplastic with low reticulocyte count and 
absence of nucleated red cells The platelets are greatly reduced or 
absent Dunng remissions the blood may approach normal hut it is 
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rare that the blood picture does not contain elements that permit the 
diagnosis or at least the strong suspicion of leukaemia The subject 
is mentioned for completeness but it is rare in infancy that the case 
presents itself as an obscure anaemia, for which one must find the 
e:q>lanation It is rather the leukaemic state that must be differen- 
tiated, and the anaemia is a by-product that does not assist much m 
the diagnosis 

From the point of view of pathogenesis of the anaemia these cases 
are interesting Evidently the anaemia is dependent on replacement 
of haemopoietic tissue by the leukaemic process In other cases, 
however, of bone marrow replacement there is a tendency to erythro- 
blastosis as seen in osteosclerosis, xanthomatosis, tumor metastases, 
and also in the chronic myeloid leukaemia In acute leukaemia on 
the other hand, nucleated red cells are not seen and the blood picture 
IS completely aplastic It seems not unhkely that the leukaemic 
process causes blood forming tissue to differentiate in an abnormal 
direction to the almost complete exclusion of normal haematopoiesis, 
even m those places where extramedullary blood formation might 
take place, so that there is httle possibility of new development of 
blood forming tissue to supply the needs of the body It is interesting 
that in remissions normal blood formation increases as if the leukaemic 
process had paused and allowed the cells to develop in a normal direc- 
tion temporarily 


Clinical Types op Anaemia 

In this work I have attempted to classify the anaemias along the 
hne of Pathogenesis For this purpose they have been grouped under 
three heads. (1) Those characterized by increased haemopoietic ac- 
tivity, the “haemolytic-erythroblastic” group, (2) Those character- 
ized by decreased haemopoietic activity, the “hypoplastic-aplastic” 
group, and (3) those due to deficient haemoglobin formation, the 
“hypochrormc” group There is no completely satisfactory system 
of classification for a subject of such extreme complexity, and there are 
many drawbacks to the one used here, not the least being the fact 
that we must infer the process from changes in the peripheral blood 
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Anotlier objection is that in many cases more than one process is 
ellective Thus in the haemolytic-erythroblastic group, signs of 
hj^poplasia may be present as \^cll as deficient haemoglobin formation, 
and in tlie hj'poplastic group increased hemolysis may occur, etc 
On the other hand, similar objections can be brought against any 
system of classification (The prevailing system in adult medicine 
based on cell sire or mean corpuscular volume is meaningless in in- 
fancy) The system based on pathogenesis has the advantage of 
being simple and logical, avoiding the confusion tliat comes from the 
multiplicity of names, and the meaningless division into “pnmary” 
and “secondary ” 

A niE lIAntOLVTIC-rRVTIIROnLASTIC GROUT 

The cases belonging to this group arc charactenred by (1) Great 
reduction of red cells as ivell as haemoglobin (2) Increased blood de- 
struction, (3) Changes in tlie blood indicating increased regeneration, 
(4) Often the presence in tlie blood stream of immature cells, (S) In 
some cases, especially more severe ones, evidence of “hypoplastic” 
reaction 

(1) The color index tends to be m the neighborhood of 1 or above, 
though sometimes a low index mav be encountered, and m certain 
groups (Mediterranean anaemia) a low index is the rule Anisocy tosis 
IS a constant feature with mean diameter about normal or somewhat 
increased, except in Congenital Haemolytic Jaundice Mean cor- 
puscular volume IS usually above the normal Poikilocytes are often 
present 

(2) Increased blood destniction Jaundice may be absent, es- 
pecially m infants, but there is usually a peculiar subictenc tint to 
the skin often desenbed as “muddy ” The Van den Bergh reading 
may not be significantly raised The most useful procedure for de- 
termining the presence and seventy of the haemolytic process is the 
estimation of the daily urobilin excretion m the stools Cooley and 
Lee have recently emphasized the presence of fragmentation of red 
cells in fresh blood films 

(3) The reticulocytes are with few exceptions increased m this group 
of anaemias It must be remembered, however, that they are also 
increased to a slight extent m other forms of anaemia in which in- 
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cases, however, nucleated red cells appear as tlic result of a crisis, 
ivhile absent at other times Tins is the first step in a senes that 
leads up to the “crj'throblastic anaemia” in which hemolysis may play 
a relatively minor r61c Whether tliere is such a thing as a pure 
cry throblastic anaemia with no increase in blood destruction is at 
present unknoMTi There arc, howc% er, plenty of cases in iv hicli there 
IS apparently no evidence of any inticasc in blood destruction We 
must wait for quantitative determinations of urobilin e\crction in the 
stools before we can obtain an answer to this question 

In addition to the two pathological processes of increased blood 
destruction and failure of maturation there is the third factor of “hy- 
poplasia” — reduction of platelets, neutropenia, in rare cases signs of 
dimmished red cell regeneration Occasionally, we may encounter a 
case in which there is progression toward “hypoplasia” as if the injury 
to the hacmopoietic function had become mote severe, so that not 
only was maturation interfered with but the cells were not even being 
formed (395, 740) This would suggest that eiy’throblastosis or fail- 
ure of maturation is an intermediate step in the development of apla- 
sia There is, however, little evidence for such an implication, al- 
though It may remain a possibility in an occasional case 

“Exhaustion of the bone-marrow” is another conception that has 
had populanty although there is no proof that it ever occurs Such 
hj^iotheses that attempt to explain the relation of hypoplasia to the 
picture may be necessary as a basis for investigation, but they can- 
not, at present, be accepted as a solution of the problem however 
plausible they may appear on the surface 

Classifwalton of the hacmolyttc-crythrohlashc group 

1 Dependent primarily on constitutional factors 

2 Chronic cases dependent pnmanly on cxtnnsic factors 

3 Acute haemolytic anaemia 

This classification is probably over-simplified but it is designed 
merely to aid the discussion of the subject in this review It is not 
so easy in practice to determine what factor is pnmanly at fault, and 
It IS a common expenence in this group to have to shift doubtful cases 
from one category to another as new information concerning the 
patient comes to light, or as knowledge is increased 
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1 ConstiUiUonal types of Jiaeviolyttc-erytlirohlashc anaemia^ 

There are certain characteristics that are more or less common to 
the “constitutional” types and can best be discussed in a general way 

1 Ftrst appearance These cases usually manifest themselves in 
early hfe but only rarely in early infancy Often the disease makes 
its first appearance quite abruptly in relation to some rather mild 
infection This type of abrupt onset is to be seen particularly in 
sickle-cell anaemia, but also occurs in congenital haemolytic jaun- 
dice (57, 145, 488) In Mediterranean anaemia this t3q)e of onset 
does not occur The tendency to begin in early infancy is greatest 
in Mediterranean anaemia, it is much less common in congenital 
haemolytic jaundice and sickle cell anaeima 

2 Latent forms Both sickle cell anaemia and congenital haemo- 
lytic jaundice exist in a latent form in which the characteristic pe- 
culiarities of the red cells are present without increased haemolysis or 
haemolytic anaemia In Mediterranean anaemia such latent forms 
have not been shown to exist, though the faimlial tendency suggests 
that there may be a latent form if we had “wit” enough to learn to 
recogmze it 

3 Crises These are characteristic of congemtal haemolytic jaun- 
dice and sickle cell anaemia, but not of Mediterranean anaemia, in 
which fluctuations in severity do not take this form The crises are 
of various types but are all characterized by abruptness of onset, rela- 
tively short duration, and tendency to spontaneous recovery They 
may be purely haemolytic m nature as is usual in congemtal haemoly- 
tic jaundice, less commonly they may be erythroblastic, or, as is 
usual m infancy and early childhood, made up of a combination of 
these two processes Sometimes the crisis may be in the form of 
abdormnal pain without change in the blood picture Such attacks 
have not been described in infancy Occasionally a cnsis may be 
prolonged or may be repeated at such short intervals that recovery 
from one has not taken place before the next one occurs In my own 

^ It IS impossible in this review to go into details or to describe all aspects of the consti- 
tutional types of haemolytic anaemia I have attempted merely to emphasize certam 
features that have been brought to light m the recent literature, and that have a beanng 
on the clinical picture as it is encountered in infancy, as well as on the similanties and 
differences betw een various members of the haemolytic-erythroblastic group 
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c-Tpencnce, severe, prolonged cnscs arc more likclj to appear m the 
■winter and early spring — the season ot infections 

Haematologically the crisis is charactenzed by two phases (1) A 
penod of increased blood destruction coming on abruptly and re- 
sponsible for a fall in red cells and haemoglobin before the marrow 
can compensate for it, (2) Penod of repair m which regeneration may 
be marked If, as is usual, the blood destruction subsides rapidly, 
regeneration may be in its turn relatively unopposed and tlie return 
to the onginal level may be extraordinarily rapid 

4 Apart from the cnsis the red cells and haemoglobin tend to re- 
main at a level which is charactcnstic of a given patient over a given 
penod That is, there seems to be a tendency to rcacli a certain de- 
gree of cquilibnum which vanes noth the individual This equilib- 
num IS most stable and at a level at which fairly normal devdlopment 
IS possible in congenital haemolytic jaundice , it is least stable m Medi- 
terranean anaemia In sickle cell anaemia it rarely reaches a point 
consistent with normal development, though continued life is possible 

5 The cardiac manifestations form an important group of symp- 
toms in the haemolytic erythroblastic group anaemias especially in 
sickle cell anaemia In addition to systolic murmurs there may also 
develop a diastolic murmur and m some cases cardiac enlargement 
Except for the systohe murmur these changes are rare in infancy but 
occasionally an infant has died as a result of acute cardiac failure, 
when previous examination had failed to reveal any apparent cardiac 
involvement 

6 Bones and skeletal changes (225, 247, 445, 700) There has been 
a tendency to regard certain changes in appearance of the x-rays as 
diagnostic of so called “erythroblastic anaemia ” To some extent 
this attitude is justified since it is rare except in Mediterranean 
anaemia to find bone involvement of sufficient degree to give the 
characteristic x-rays But actually the same changes have been 
desenbed both in sickle cell anaemia and m congenital haemolytic 
jaundice, as well as m other cases with erythroblastosis (225, 247) 
A certain amount of chronicity appears to be necessary for the de- 
velopment of changes m the skull, which are consequently rarely 
seen m infancy The less characteristic alteration in the long bones 
IS, however, not infrequent m early life 
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(a) Congemtal haemolyhc jaundtce THs is in general the naildest 
of the “constitutional” types The blood picture is ordinanly the 
result of increased haemolysis and compensatory regeneration with 
little tendency to immaturity Reticulocytes are usually between 10 
and 20 per cent but may at times be much higher, especially in a 
crisis Nucleated red cells are occasionally present and may increase 
in numbers during or just following a crisis 
In infancy the picture is somewhat different from that m older chil- 
dren or adults Unfortunately not many cases studied m infancy are 
on record, although it is apparently not so very uncommon for the 
disease to manifest itself first before the end of the second year of 
life The special characteristics of the disease in infancy may be 
summed up as follows- (1) Jaundice may be absent even in the 
presence of considerably increased blood destniction (286, 340, 749, 
personal observ ) , (2) The first appearance of the disease may be in 
the form of a cnsis which is sometimes of great seventy and may end 
fatally (572, 592), or may be less severe and clear up completely 
leaving nothing by which the condition may be recogmzed (277, 
Personal observ), (3) The blood picture may simulate the usual 
infantile picture of the haemolytic-erythroblastic group usually 
classed under the von Jaksch syndrome Erythroblastosis has been 
present in every reported case The white cells have occasionally 
been greatly mcreased in number, and predominance of lymphocytes 
is not uncommon, (Grob, white cells 85,000 with 83 per cent lympho- 
cytes, De Rudder and Wesener, white blood cells 59,000, Herz, white 
blood cells 16,000 with 84 per centljunphocytes , Hampson and Warner 
white blood cells 30,000 with 70 per cent lymphocytes) but there has 
been very little tendency to immaturity In no case has there been 
leukopenia or any statement that platelets were reduced (4) While 
the charactenstic picture of anisocytosis with predominance of micro- 
cytes is usual also in infancy, occasionally macrocytes may be pres- 
ent in considerable numbers (572, 592) (5) The spleen is often not 

so greatly enlarged relatively as it is later on Cardiac manifesta- 
tions are not sufficient to attract attention One child died of cardiac 
insuffiaency in whom a short time previously the heart was not con- 
sidered to be abnormal (249) 
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(b) Sjcllc cell anacmta The recognition of sicUc cell anaemia 
should offer no difficulty, provided of course that its occurrence is 
kept in mind The disease shows the characteristics of haemolytic 
anaemia of constitutional origin which have already been discussed 
Jaundice may often, however, be so slight as to be missed, especially 
since patients are colored In view of Oic frequent difficulty of recog- 
niring anaemia in a colored child, and the fact that very often these 
patients arc brought under observation because of symptoms that 
ordinarily do not lead to examination of the blood, sickle cell anaemia 
may be missed unless especially remembered and looked for 

Reticulocytes arc regularly increased, ordinanly up to 10-15-20 
per cent, dunng cnses up to 40 to SO per cent or even higher Color 
index tends to be about 1 or above though a low color index may some- 
times occur White celts are moderately increased and tliere may be 
moderate shift toward myelocytes, but any marked degree of imma- 
turity is rare Not infrequently dunng cnses lymphocytes arc in- 
creased Platelets arc rarely reduced below 100,000 Erythroblasto- 
sis IS more common than in congenital haemolytic jaundice, and at 
times may be extreme (over 100,000 per cubic millimeter), but the 
immaturity of the crythroblasts is rarely great and megaloblasts do 
not occur "Hypoplasia” I have never seen nor has it been reported 
in any case in the literature 

From my own expcnence and from the scarcity of reports in tlie 
literature active sickle cell anaemia must be rather rare in the first 
year Dunng the second and third year of life, however, it becomes 
increasingly common, and it is not improbable that the great majonty 
of cases are already established before tlie end of the second year 
The charactenstics of the disease at this time of life (15, 49, 405, 466, 
Personal observ ) are the following —(1) The onset of the active stage 
IS often associated with a crisis or senes of cnses that are likely to be 
severe Abdominal pain has not been present in my expcnence but 
pains in the extremities may occur (2) Cardtac mantjesiaiions so 
common later on are less likely to be present in infancy (3) The 
spleen vanes m size in many cases, being greatly enlarged dunng 
cnses, and barely palpable in quiescent penods (4) The blood shows 
the same charactenstics as later on except that the anaemia may be 
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more severe, the white cells somewhat higher and more labile, lympho- 
cytosis more likely to occur, erythroblastosis more common and more 
severe, occurnng not only during but also between crises 

Before leaving the subject of sickle cell anaemia it is well to call 
attention to two facts (1) the disease may occur in the white race, 
(118, 119, 584), (2) it may be accompamed by considerable delay 
in somatic development (118) 

Space forbids listing a complete bibliography of sickle-cell anaemia 
Almost every article contains such a bibliography The case reports 
leave much to be desired, however, and in preparing this brief account 
I have drawn on my own expenence which compnses about two dozen 
cases as yet unreported 

(c) Mediterranean anaemia {Cooley) This type of anaemia be- 
longing to the haemolytic-erythroblastic group has been clearly 
enough differentiated on chmcal grounds to penrnt its acceptance as 
a clmical entity (42, 123), but it must be admitted that the clinical 
picture IS only the end result of a process or group of processes which 
constitute the real disease and of which we have at present a very 
inadequate conception The picture is charactenzed by anaemia, 
often of relatively low color mdex with erythroblastosis out of all 
proportion to the seventy of the anaemia, occurnng in a child of Greek 
or Italian parentage The haematologic picture is that characteris- 
tic of the haemolytic-erythroblastic group — amsocytosis, poikilocy- 
tosis, increase in reticulocytes but not usually as great as m congenital 
haemolytic jaundice (121) The immaturity factor is not as great 
as one might expect from the degree of erythroblastosis, nucleated 
red cells may exceed 100,000 per cu mm but megaloblasts are rela- 
tively few, and immature white cells below the stage of myelocytes 
are rare (121) In numbers the white cells are usually increased and 
occasionally may reach figures above 50,000 (209, 725) Generally 
the predominant cell is the polymorphonuclear but sometimes, es- 
pecially in mfancy Ijunphocytes may predominate Platelets are only 
occasionally reduced Resistance is normal or there may be moderate 
increase in the span 

While increased haemolysis is probably always present, it is usually 
of mmor importance (42, 121, 725), and outspoken jaundice is rare 
The spleen is generally enlarged, sometimes greatly so, while enlarge- 
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ment of the liver is usually onl> moderate Cardiac involvement is 
common, and cardiac failure is sometimes a cause of death Ab- 
dominal pain occurs, but rarely if ever in enses which dominate tlie 
picture as in congenital haemolytic jaundice or sickle cell anaemia 
The onset of the disease is gradual and frequently occurs in infancy 
The characteristic osseous changes have already been considered 
Up to the present the majority of cases have been published in 
America In Italy of late years a form of familial haemolytic-erythro- 
blastic anaemia has received increasing attention These cases are 
closelj similar to the Amcncan ones, in many ways, but the Italian 
authors have failed to record changes in the bones or in the contour 
of the skull or face For tins reason the Italian cases have not been 
considered examples of what Cooley described ‘ As was stated above 
we know nothing of the mechanism by which the clinical picture is 
produced, and nothing of tlie fundamental nature of the disease The 
clinical and haematological picture is merely the surface and from it 
wc must attempt to guess at what is going on To reject the Italian 
cases because one detail is missing appears to me a mistake when m 
all essential ways tlie Italian cases fit the picture which has been de- 
scribed m the Amencan cases The Italian cases are in general more 
severe than the American and have usually been fatal before the end 
of the second >ear The lower age of the Italian cases may partially 
explain the lack of skeletal changes, and “mongoloid” facies In one 
group of cases (Cerza) the color index tended to be higher than in the 
others The slightly greater incidence of lymphocytosis probably is 
due to the lower age group Myeloblasts or lymphoblasts have been 
encountered a little more frequently possibly than m the Amencan 
cases It IS interesting m view of Cooley’s remarks on the subject 
that the great majonty of these reports come from southern Italy 
and Sicily (Marciahs (Sardinia), Rossi, (Apulia), Cerza, Auricchio, 
Lattes (Naples), Prebil (Messina), Mondini, Vasile (Palermo) 

(d) In addition to the three well defined syndromes among the 
cases of haemolytic-erythroblastic anaemia of constitutional ongin 
there are other cases that appear to depend on a strong constitutional 
factor but which for some reason do not appear to fit into the well 

‘In the past year or t«o cases satisfying the entena of this fonn of anaemia have 
appeared m the Italian literature mostly as bncf society reports 
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defined groups just described The attempt is continually being 
made on the basis of some symptoms or sign common to a number of 
cases to separate out a group which can be treated in common and be 
given a special pigeon hole In most of these no common factor of 
importance has yet been demonstrated, but rather some superficial 
characteristic that serves in the nature of a clip or elastic band 
Nocturnal haemoglobmuiia is such a characteristic serving to tie to- 
gether a very interesting group of cases, of apparently constitutional 
origin Hemosidennuria is another, to which Marchiafava’s name has 
been attached Cold-haemolysis producmg the so-called paroxysmal 
haemoglobinuria is a third example The fact that m this case a 
common etiology has been found for the great majority in congenital 
syphilis serves at the same time to give this group a real standing 
among the haemolytic diseases, as well as to take it out of the primar- 
ily constitutional group It must be remembered, however, that in 
not every case of haemoglobinuria with cold-haemolysis has syphilis 
been demonstrated 

2 Eaemolyhc-erythrohlashc anaemia of extrinsic origin {chronic 

cases) 

This designation covers a large group of cases occurnng primarily 
in infancy to which the terms “von Jaksch” syndrome or “anaemia 
gravis” have been applied While extrinsic factors play a large part 
m the etiology of most cases, it cannot be denied that constitutional 
factors are also present The mere fact that a particular age is es- 
pecially susceptible points to an intnnsic factor, but in addition, 
cases are reported in several members of a family consecutively 
Thus, the border line between these cases and those primarily con- 
stitutional such as have been reported so frequently m Italy is not a 
sharp one Likewise there are transitional cases to the non-erythro- 
blastic h3q)o chromic anaeima due largely to iron deficiency, and to 
that group of cases to be discussed under acute haemolytic anaemia 

In the chmcal picture there is httle that is distinctive, but a mixture 
of symptoms and signs, some due to the anaeima, some to the funda- 
mental condition of which the anaemia itseK is a sjnnptom The 
onset is usually insidious and it is often only some acute episode that 
brings the infant under observation The skin often has a yellowish 
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pallor termed subictenc sometimes described as muddy, outspoken 
jaundice is not common Petechial haemorrhages are present in many 
cases, and occasionally larger purpunc patches Edema may be present 
over the lower extremities Cardiac manifestations, including dias- 
tolic murmur and enlargement, may be present, and occasionally dcatlr 
may be due to cardiac failure The spleen is usually enlarged, some- 
times to a great extent, but there seems to be no relation between 
splenomegaly and the seventy of the anaemia Enlargement of the 
liver IS rarely’ more than moderate Enlargement of the lymph glands 
wlule frequently present has little special significance at this age 
In the blood the outstanding features are the great reduction in 
red cells, and the tendency’ to cry tliroblastosis Reticulocytes are 
usually moderately increased and there is present poly chromasia, but 
reticulocyte counts above 15 per cent arc infrequent Color index is 
above 0 8 in most cases and may be very high Anisocytosis is pres- 
ent vviUi many macrocytes and the average cell size is usually above 
the normal The nucleated red cells are of all grades of immaturity 
and “megaloblasts” arc frequently found as well as mitotic figures 
The viintc cells arc usually moderately increased but extreme leukocy- 
tosis with counts above 100,000 have been reported (549) The 
tendency to great increase in white cells is seen especially in the new- 
born period Marked immatunty among the white cells occurs, but 
IS not common (see table 12) Relative reduction in neutrophiles 
and a relative and absolute increase in lymphocytes is frequently 
observed Immature lymphocytes may occur but lymphoblasts are 
rare Platelets are reduced in the great majonty of cases m which they 
have been mentioned and in many cases the reduction is extreme 
There are two variations of this picture that deserve mention, one 
might be designated "pseudo leukacmic” (table 12) the other “neu- 
tropenic” (table 13), though these arc not the best terms that could be 
devised The first of these venations has been separated out on the 
basis of the presence of a high percentage of immature white cells 
In this group there is also a tendency to a marked erythroblastosis, 
and leukocytosis Tlie cases are for the most part associated with 
syphilis or severe infection and the mortality is especially high The 
vanation designated "neutropemc” is separated on the presence of a 
neutrophile reducUon to below 2,500 In this group erythroblastosis 
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Anaemia of infancy — haemolyttc-erylhroblashc type 



390 



















TABLE 13 

Hamolyhc-erylliroblasttc anaemia of infancy — cases with neulropema 
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IS relatively much less marked tlian m the “pscudolcukacraic” group, 
and the color index tends to be high Severe infection plays a much 
smaller part in tlic etiology and the prognosis is relatively better 

Etiologically the most important factors may be grouped under 
infection and nutrition, to which may be added constitution In 
early infancy siTihihs and sepsis or the two combined account for a 
large proporbon of the cases Later m infancj the ebological factors 
producing hypcrchromic-crj’tliroblasUc type of anaemia are not yet 
clearly understood In Germany most writers have blamed “con- 
sbtubon” while m France they have tended more to implicate syphilis 
even in the absence of positive evidence The most hopeful progress 
has come from the study of a possible deficiency factor m goat’s milk 
anaemia 

The importance of goat’s milk anaemia lies in the fact that the von 
Jaksch picture appears to be more common in infants fed on goat’s 
milk than in those fed on cow’s milk, (29, 35, 79, 80, 203, 227, 241, 
402, 509, 517, 591) especially tliat described as “pernicious” by which 
IS meant high color index, macrocytosis, presence of mcgaloblasts, 
thrombopenia and often Icucopcraa Gyorgy has succeeded in cunng 
his cases with liver and with yeast extract (259, 260) As regards the 
former, there is nothing unusual in the cure of cases belonging to the 
erythroblastic-haemolybc group with liver and a nse in red cells and 
even in rebciilocytcs docs not necessarily mean a deficiency of some 
factor present in liver, any more than a nse in reticulocytes after iron 
in the first few weeks of life means a deficiency of iron It is sugges- 
bve, however, and points the way to a possibly fruitful field for 
invesbgation 

Another mtercsbng fact that may have some beanng on the etiology 
IS the geographical distnbution and the diminution m the number of 
cases reported from Germany IVhen Kleinschmidt (339, 341) and 
Schwenke (619) onginally reported their large senes a very high pro- 
portion of the cases belonged to this group Similar cases were 
reported up to about 1925 but since then the number has fallen off 
Alloiving for the fact that a number of Schwenke’s cases were of goat’s 
milk anaemia and that this picture is too well recognized now to 
mal e the reporUng of large senes profitable, there still is reason to 
suspect that there has been a change in the type of anaemia in Ger- 
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many Kleinschmidt’s (343) change of attitude toward the value of 
iron might also be explained on the basis of a change in the type of 
anaerma The fact that the greatest number of cases were reported 
during the war and the post-war inflation years, when there was an 
increase in other deficiency diseases in Germany and Austria indicates 
that there may be some deficiency factor responsible for this type of 
anaemia, a fact long ago stressed by Aron (22) who pointed out that 
the diet used by Kleinschmidt was not only low in milk but also high 
in “accessory factors ” At no time have these cases been common 
in Amenca or England; but in Italy at the present time there are many 
reports 

In addition to infection and nutritional factors, there are a few other 
conditions reported to cause the “von Jaksch” picture In conditions 
associated with bone marrow replacement erythroblastosis may occur 
as well as leukopenia and thrombopema Osteosclerosis; Neuroblastoma 
with bone marrow involvement (rare before the third year) , Xantho- 
matosis (rare before the third year), Hodgkm’s disease may cause a 
haemolytic type of anaemia with erythroblastosis. Lead poisoning is 
frequently accompanied by the appearance of erythroblasts although 
such cases m infancy are rare 

3 Acute haemolytic anaemia 

There is nothing new in the occurrence of acute or subacute haemo- 
lytic anaemia (740), The service that Lederer (392, 393) performed 
was not to descnbe something that was previously unknown, but to 
demonstrate that transfusion had a specific curative effect He was 
also responsible for the mtroduction of a new name which had the 
merit of being short and to the point When we come to the matter of 
definition, however, we begin to enter the interminable arguments 
over boundary Imes It is the old story of the attempt to divide off 
the area of the haemolytic anaemias into httle fields each neatly named 
and bounded, as if each were a little piece of private property 

Acute haemolytic anaemia is a state of affairs brought about by a 
number of etiological factors, of which infection, allergy, and intoxica- 
tion are the chief The course of events is about the same whatever 
the etiology, and is very similar to that of a crisis of congenital haemo- 
lytic jaundice with which it may easily be confused (57, 145, 488) 
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The following types are descnbcd 

1 Associated with infccUon (a) The ordmarj' increased hemolysis 
of infection which may in rare cases be severe enough to cause a 
dangerous fall m haemoglobin, but is usually a rather minor occurrence 

(b) A form in which the seventy of tlie haemolytic process and tlie 
consequent fall m haemoglobin and red cells is out of all proportion to 
the seventy of the infection (This is the tj-pe to which Lederer 
called attention ) 

(c) Miscellaneous cases of hacmoglobinuna associated with various 
infections A separate classification should not be made for this 
group I have done it at this point merely because in tlie literature 
there appears to be no realization that (b) and (c) belong togetlier 

1 Parovj'smal hacmoglobinuna (cold haemolysis) 

3 Favism which appears to be a form of allergy to the fava bean 
of Sardinia and Sicily 

4 Black water fever assoaated with malana 

5 Mismatched transfusion 

The most important cases from Uie point of view of this work fall 
in (b) and (c), and these will form the basis of the dcscnption There 
are, of course, other causes of acute haemolytic anaemia, such as 
poisons of vanous types and other allergic matenals In this article 
I am, however, not concerned with a complete review of the subject 
but onl> with the condition as it has been descnbcd in infancy 
In the group to be descnbcd the patient who may be of any age be- 
comes suddenly ill, usually with headache or abdominal pain, having 
previously been well Pallor and weakness develop rapidly, icterus 
usually appears and sometimes the haemolysis is sufficiently violent 
to cause hacmoglobinuna In a penod that may be anywhere from 
two days to two weeks the patient may be reduced to a dangerously 
anaemic state with air hunger, though not in every case is the cnsis as 
severe as this Usually in such a state transfusion is necessary to 
save life and may have to be several times repeated Again after a 
penod that may vary from a week or ten days to a month recovery 
takes place being completed in about a month’s time and m most 
cases permanent In some cases transfusion has a most remarkable 
effect in cutting short the attack and initiating immediate recoverj', 
in others one gams the impression that the transfusion has done no 
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more than prolong life to the point where spontaneous recovery begins. 
In many cases recovery has taken place without treatment 

The red cells are greatly reduced, often to under a milhon (in one 
case as low as 600,000 with recovery), with usually high color index 
Anisocytosis is present but not usually marked, and poikilocytes are 
rare Reticulocytes are not increased at first, but appear after a week 
or more, a rise in reticulocytes being definitely associated with the 
onset of the recovery phase (106, 683, 717, 718, 530) Nucleated red 
cells are usually earher in their appearance than the reticulocytes but 
often there is an increase not only in numbers but also in immatunty 
at the point of beginning recovery (106, 300, 683, Personal observ ) 
They disappear rapidly as recovery takes place The white cells 
may be increased sometimes to an extreme degree (Lazarus 108,000, 
76,000 on the tenth and fourth day respectively, Lederer 52,000, 
third day, Kaiser and Bradford 61,000 fourth day ) Myelocytes are 
usually present and are often increased at about the time of beginnmg 
recovery In some cases the neutrophiles are relatively reduced, in 
others the lymphocytes are greatly increased, but generally the differ- 
ential count shows no changes of moment The platelets are generally 
not affected, but occasionally there may be reduction Because of 
the blood picture the older cases may be found under a variety of 
names of which the usual ones are “acute pernicious anaemia” and 
“leukanaemia ” “Pernicious” pictures are, however, rare in child- 
hood 

Haemoglobinuria (91, 164, 322, 502, 717) has been described a 
number of times but I have been unable to find any case with haemo- 
globinuria in babies under two years of age except possibly Fern’s 
case at twenty-five days and a group of cases occurring among the 
newborn going under the name of Wmckel’s disease and considered 
to be due to sepsis “Cold haemolysis” as demonstrated in the 
Donath-Ladsteiner test has occurred in a few cases associated with 
infection and in which syphihs was not demonstrated (91, 322), but 
the Donath-Ladsteiner test has not been found positive under two 
years of age Likewise paroxysmal haemoglobinuna has not been 
reported to my knowledge in any case below two years of age 

In a number of cases considered by the authors to be examples of 
acute haemolytic anaemia the resistance to hypotomc salt solution has 
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been diminished (300, 502, 683, 717) Ihis raises a difficult point of 
diagnosis Arc ne possibly dealing m these eases witli congenital 
liaemolyUc jaundice m which between crises the disease is entirely 
latent? On the other hand, in a number of these cases there has been 
a certain familial tendency or tendency to repeated attacks of acute 
haemoljsis which suggests a constitutional factor (29, 271, 676) 
The normal fragility test has been considered by some to rule out 
congenital haemolytic jaundice while by others it is considered that 
congenital haemolytic jaundice may occur without increased fragility 
On the one hand, we have the question of specificity of the fragility 
test and on the other the diagnostic significance of the apparent com- 
pletc normality of the blood between attacks The difficulty anses 
from the necessity of having to decide about the nature of the disease 
from the surface phenomena 

The similanty of the cnsis of acute haemolysis and tliat of congeni- 
tal haemolytic jaundice is very' great, the chief difference lying in 
the fact tliat in the acute cases the crisis occurs with a bone marrow 
at rest while in congenital haemolytic jaundice the bone marrow is 
already in a state of stimulation and therefore is ready to respond more 
quickly This is a possible e'rp'anation for the greater seventy and 
the usually longer duration of the acute attack There may , of course, 
be other factors concerned wnth the haemolysis itself but as yet we 
know too little about the process of hemolysis and its control to do 
more than indicate a possible line of attack The specificity of trans- 
fusion in some of the cases is an important phenomenon that should 
receive attention from this point of view 
The other forms of acute haemolytic anaemia need little comment 
Favism (53, 437, 444) is almost unknown outside of Italy The cases 
occur m May and come not only from eating the raw Fava bean but 
also occasionally from passing near a field in which the beans are 
growing It IS apparently an allergic phenomenon and the attacks 
have been described mostly in young children, and occasionally in 
infancy The attack may commence a few minutes after eating the 
bean It is extraordinarily severe while it lasts, often causing haemo- 
globinuna, but the attack is self-limited and the mortality is low The 
sequence of events is essentially the same as that desenbed above, 
except that the haemopoietic tissue usually shows signs of activity 
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somewhat earher and recovery may set in more quickly The chief 
interest hes m the fact that the attack is allergic in nature, and that 
therefore other attacks of acute haemolytic anaemia may be on an 
allergic basis, a possibihty that up to the present has received no 
attention 

Acute haemolytic anaemia has been described after vaccination 
(708, 733) following gas poisomng (676), and after eatmg “Rausch- 
beeren” (206) It is quite possible that some form of allergy was a 
factor m these cases 

B HYPOPLASTIC-APLASTIC TYPE OP ANAEMIA 

The cases belonging to this group are characterized haemotologically 
by (1) Anaemia with color index usually in the neighborhood of 1 0, 
(2) Absence or reduction of the signs of regeneration, (3) Little if any 
tendency to immaturity, (4) Usually reduction in the white cells and 
platelets Chmcally, they are often the most distressing cases with 
which we have to deal as they progress to the almost mevitable fatal 
ending Pathogemcally they are the most obscure of all the forms of 
anaemia, and not even a beginmng has been made m successful 
investigation 

In recent years there has been an increasing tendency to group to- 
gether with the cases of anaemia those of neutropenia and thrombocy- 
topema in which there is evidence that the reduction of these ele- 
ments IS due to failure on the part of the marrow tissue to manufacture 
them (83, 243, 395, 390, 691) This must be regarded for the present 
as a mere classmg together of all cases in which there is any evidence 
of haemopoietic inadequacy, and does not imply that the process 
causing this inadequacy is the same in all cases The manner in 
which the hypoplasia develops is entirely unknown, but it is not un- 
hkely that there are two separate processes (1) An involvement of 
the bone marrow itself, and (2) a disturbance in the regulation of blood 
formation Until we know more of the manner in which haemopoie- 
tic activity is regulated it is useless to discuss these possibdities, or to 
attempt to classify the conditions under which hypoplasia occurs ac- 
cordmg to them The most that can be done at this tune is to name 
the most important of these conditions 

1 Infection As has been mdicated in the section on infections, 
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an aregeneratiie picture is often encountered in their course The 
seventy is usually not great and may consist in no more than a fail- 
ure of a reticulocyte response to administration of iron Occasionally, 
on the otlier hand, the hypoplasia may be severe and may include not 
only Oie erythropoietic elements but also the white cells and platelets 
In such cases the prognosis is bad Death may result from fatal 
haemorrhage but usually is due to the seventy of the infection, or to 
the gradual wearing down of resistance It is almost never due to the 
severit> of the anaemia, and treatment is directed toward combating 
the infection itself rather than the hypoplasia which is merely one 
pathological process among many 
2 Anaemia of the hacmolyltc-erylhroblasltc group The hypoplasia 
occurnng in this group has already been pointed out In its mildest 
form It consists in platelet reduction which is common in the cases due 
to evtnnsic factors or infection, but does not occur m the constitutional 
tjpes In a smaller number of cases neutropenia may occur Rarely 
there may be a progressive development of a hypoplastic picture with 
diminution in the signs of erythropoietic activity and finally a fatal 
outcome These dnnges have been in the past attributed to "ex- 
haustion” of the bone-marrow Terminal aplasia docs not occur in 
tile constitutional types, so that it is more likely that such are genera- 
tive pictures arc due to increasingly severe haemopoietic involvement, 
1 e , a failure of maturation affects a progressively earlier stage of 
differentiation until finally there is no development whatever beyond 
the most primitive undifferentiated cell This is an attractive hy- 
pothesis and Witts (740) bnngs evidence m its favor, but more proof 
IS needed If it is so, then it is probable that the reason we sec no 
more of it is that the patients in whom it might develop die as a result 
of intercurrent disease before the final aplastic stage is reached 
3 Acute leukaemia The aplastic anaemia occurnng in acute leu- 
kaemia has been attnbuted to replacement of the normal bone marrow 
with the leukaemic tissue, as in the case of tumor metastases Jaffe 
presents evidence against this idea It is possible that the tissue from 
which the cells of the blood develop becomes progressively involved in 
the leukaemic process, and is thereby prevented from differentiating 
in the usual direction The return of the blood toward a more normal 
state dunng a remission supports such an hypothesis 
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4 Extrinsic factors capable of causing hypoplastic pictures are 
especially poisons, x-rays and radium I have not found any reports 
of cases due to these agents in infancy While the absence of reports 
IS no reason for excluding the possibility, lack of opportunity for ex- 
posure would render anaemia from these causes extremely unlikely 
Arsphenamine poisoning of course should be kept in mind 

5 Conditions involving the spleen and reticulo-endothelial cells This 
is the group to which the term “splenic anaemia” is usually applied 
There is no harm in the term, and it can actually be quite useful in 
holding together this very group If it is to be used for this purpose, 
however, it must not be used indiscriminately as a scrap-heap for 
every obscure or inadequately studied case in which anaemia occurs 
with splenomegaly 

In this group we have a number of conditions, including cirrhosis of 
the liver, Gaucher’s disease, splenic vein thrombosis (B anti’s disease), 
“reticulo-endothehosis,” Hodgkin’s disease, in which a hypoplastic 
picture may occur associated with splenomegaly In some of the 
cases it has been found that splenectomy may be followed by a return 
of the blood picture to normal This has led some observers to the 
hypothesis that the spleen in those conditions exerts an inhibiting 
influence on the activity of the bone marrow leading to hypoplasia. 
In many of these cases, however, the bone marrow is involved in the 
disease process, so that it is doubtful whether we deal with direct 
bone marrow injury or a disturbance in the control of haemopoiesis 
A case such as that reported by Ullnch in which in Gaucher’s disease 
after splenectomy the blood picture improved while at the same tune 
the marrow involvement became greater inclines one to the latter 
hypothesis 

As has been pointed out in the sections deahng with these conditions, 
hjqioplasia is rare in infancy except m reticulo-endothehosis, the course 
of which IS more acute than that of the others Hypoplasia occurs 
much less frequently in xanthomatosis and Niemann-Pick disease 

6 Cases in which the cause is obscure or in which constitutional 
facto) s are predoniinant (243, 395, 691) Because of our almost com- 
plete Ignorance concerning the mechamsm by which these cases 
develop, we can do no more than group them into a number of clinical 
types based on the course and the blood picture 
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(a) Acute aplastic anaemia (aleukia haemorrhagia, Panmyeloph- 
thisis) In this there is a rapid “melting away” of all the bone marrow 
elements, assoaated with necrotic angina and a tendency to haemor- 
rhage from the mucous membranes Death occurs in about ten days 
or two weeks, and transfusion has little effect except to prolong life by 
a few days Septicaemia may be present It is usually not possible 
to determine the sequence of events, whether the infection or the 
aplasia w'as first but most observers incline to tlie latter view Aplasia 
by Itself cannot account for the rapidity with which the anaemia often 
develops, so that we must infer some other process Haemorrhage 
could account for the anaemia, but in one case that I was personally 
able to study, a transfusion was almost immediately haemolyzed so 
that the possibility of increased destruction of blood must be taken into 
consideration The condition is very similar clinically to acute leu- 
kaemia, from w’hidi it may often be differentiated only with the great- 
est difficulty The diagnosis is important, however, for occasionally 
repeated transfusions are followed by recovery 

Acute aplastic anaemia rarely if ever occurs in infancy, except clearly 
as a result of sepsis (59, 148, 334, 556, 594) 

(b) Agranulocytosis This has been reported a few tunes in in- 
fancy unaccompanied by anaemia and thrombocytopenia (110, 243, 
594, 608, 732, 742), but in the great majonty it is part of a general 
hypoplastic picture associated with infection 

(c) There are a number of cases of chronic “hypoplastic” anaemia 
of obscure origin occurnng usually in older children, which begin 
gradually and progress slowly, with exacerbations and remissions, 
usually to a fatal termination in the course of months or years Some 
of them develop in relation to an infection, successful elimination 
of which may bring about a remission, but usually the downward 
progress is renewed and cannot be halted (30, 384, 395, 450) ' 
Ttanslusion may bring about a remission and occasionally repeated 
transfusions have caused an apparent cure, but the chronicity of the 
condition is such that recovery should be viewed with skepticism unless 
It has lasted for a matter of several years Instances of this type have 
been reported in children less than two years of age (60, 243, 514 
687, 691) 

® These examples b> no means cover the literature on this type of case 
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(d) A few cases depending clearly on constitutional factors have 
been described Fanconi’s “Pemiciosa-ahnhche Ananue” with atro- 
phy of the testicles and familial occurrence belongs here Leeuwen 
has reported a similar case Another type definitely constitutional 
is represented by two cases seen at the Harriet Lane Home In 
these there was an aplastic anaemia confined to a failure of erythro- 
poiesis so marked that the children could be kept ahve only by means 
of transfusions administered every month or six weeks One child 
had been so kept alive for eighteen months, the other for four and a 
half years, and during several periods of observation there was never 
a sign of regeneration I have seen the clinical records of another 
similar case also kept ahve by transfusions but in whom the haemo- 
globin could be maintained at a higher level and with evidence of 
reticulocyte response A case reported by Langer probably also be- 
longs to this group 

C HYPOCHROMIC ANAEMIA 

This IS the common anaemia of infancy, m this country at least com- 
prising nearly all the cases classed as nutntional or nutntional- 
infectious Reduction in haemoglobin is the outstanding and often 
the only characteristic The red cells are smaller than normal, amso- 
cytosts is moderate, poikilocytes are rarely encountered. Reticulo- 
cytes depend roughly on the severity of the anaemia, being only rarely 
increased as long as the haemoglobm remains above 7 grams per 100 
cc and rising to between 3 and 5 per cent as the haemoglobin falls 
below 4 grams per 100 cc They vary from day to day and any infec- 
tion may cause their temporary disappearance A reticulocyte count 
of over 5 per cent in the absence of specific marrow stimulation is 
evidence that blood destruction is increased above the usual amount 
encountered in these cases Nucleated red cells are at most only oc- 
casionally seen in the typical case, but there is no sharp line to be 
drawn between the normal and the abnormal Of course, by definition 
any increase above the usual places the case in the haemolytic-erythro- 
blastic group regardless of color index but in the majority the color 
index tends to be above 0 8 in the presence of erythroblastosis (An 
exception is found in “Mediterranean anaemia” m which the color 
index tends to be low) 
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There is nothing charactenstic about the while cell picture, which is 
determined by the condition giving rise to the anaemia The platelets 
are not affected 

Clinically there is little to characterize these patients except their 
pallor Pallor, however, is deceptive and one can not estimate the 
seventy of the anaemia or m some cases even the presence of anaemia 
by the degree of pallor Parsons has used the statement of the par- 
ents that the child was pale from the time of birth to draw important 
conclusions Tins is equivalent to accepting heat-say evidence it 
may be tnic, but it is not proof Ilacmorrhagcs and edema do not 
occur except as part of the picture of the underlying condition, such as 
infection or nutritional deficiency Cardiac manifestations are rare 
except for a systolic murmur which clears up witli recovery from the 
anaemia The spleen is sometimes slightly, rarely greatly, enlarged 

These patients show surprisingly little disturbance from their 
anaemia even when the haemoglobin is below 20 per cent (3 grams per 
100 cc more or less) Loss of appetite is perhaps their most outstand 
ing symptom, and one which contributes matcnally to the condition 
of the cluld as already described Anotlicr thing that has received too 
little attention, although recognized by Klcinschmidt m 1916 is the 
psychological malc-^tp of many of these children — they resist any 
change from the habitual or any new departure Weaning, the first 
use of solid food, even a change of room or of regime m a hospital may 
be met by a stubborn refusal to eat It is difficult to say how far this 
IS a result of the anaemia, but there can be no doubt of its effect 
in delaying recoveiy The mitrilion of infants ivith hypochromic 
anaemia is generally good,in contrast to the poor condition of those with 
hemolytic-erythroblastic type, and it is not improbable that a good 
gam m weight contributes toward intensifying the fundamental de- 
ficiency Increased susceptibility to infection has already been em- 
phasized Death rarely, if ever, occurs as a result of the anaemia, but 
IS usually due to intcrcurrent infection, especially pneumonia 

Niitritional-infectioiis group of anaemias 

In the first section of this review I have presented the common 
background from which anaemia develops, in the second section, the 
etiological factors which influence the haemoglobin level and contnb- 
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ute to the development of anaemia were discussed in detail, in the 
third section the various clinical and haematological pictures have 
been given, classified on the basis of the pathological process In this 
summary I shall attempt to discuss the relation of the etiological fac- 
tors to the development of the varied forms which are assumed by 
anaemia belonging to the nutritional-infectious group, which accounts 
for probably nine-tenths of all the anaemia encountered m infancy 

As has been indicated the anaemias belonging to the nutritional- 
infectious group fall into two general types, the hypochromic and the 
hemolytic-erythroblastic, but there are all manner of gradations be- 
tween the two, so that we must look on them not as definite diseases 
each with its separate etiology, but as the end result of the interaction 
of many factors each exerting its influence on the processes of blood 
formation or destruction The predominance of factors havmg one 
type of mfluence will naturally result in a picture quite different from 
that brought about by factors havmg a different mfluence 

In deahng with the mechanism by which a particular form develops, 
we must consider the following processes (1) Deficient haemoglobin 
formation, (2) Deficient erythropoiesis in the sense of hypoplasia, (3) 
Deficiency of some factor responsible for the stimulation of haemo- 
poiesis, (4) Deficient maturation of red cells, (5) Increased blood 
destruction 

(1) Deficient haemoglobin formation This is probably the chief 
factor in the development of hypochromia, and has been attributed 
by most to deficiency in the supply of iron While iron deficiency 
IS undoubtedly the most important single factor m the cause of 
hypochronuc anaemia, there are other things to be considered De- 
ficiency in other matenals used in the synthesis of haemoglobin has 
been postulated by many but never proved except possibly in the case 
of anunals Failure to synthesize haemoglobin is another factor which 
IS only beginning to be studied following the demonstration of the 
necessity of copper for the synthesis, in animals at least The thera- 
peutic effect of copper in infancy mdicates that the factor of faulty 
haemoglobin-synthesis may play a part in infants as well as rats 
As has been already stated it is impossible to separate the problem of 
haemoglobin synthesis from that of the availability of iron within the 
body, i e , iron may be unused because it is unavailable, or it may be 
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unused because haemoglobin is not being made (See part II — ^iron 
metabolism) The effect of inorganic iron may be to supply iron in a 
more immediately a\ affable form, or to stimulate synthesis of haemo- 
globin as well as erythropoietic activity 

WTiile hy’pocliromia is almost by definition associated wth deficient 
haemoglogm formation, it must be remembered that the latter may be 
masked by a marked fall in red cells, and cases are occasionally en- 
countered in wluch a cure of the haemolytic-erythroblastic phase may 
leave the haemoglobin deficiency phase untouched so that the color 
index falls and iron becomes necessary to complete the cure 

(2) and (3) Dcjicteitl cryihropotcsis and deficient stimulation of 
crythropoicsis must be considered together In the so-called “hypoplas- 
tic” anaemia ive are dealing i\ith a function that cannot be stimulated 
We see some such effect in any infection, at least we draw sucli a con- 
clusion from the failure of the reticulocyte nse following the use of 
liver or inorganic iron Except dunng the presence of an infection, 
however, “hypoplasia” is encountered only rarely in the nutntional- 
infectious group of anaemias Deficiency of some factor leading to 
adequate stimulation of cry thropoictic activity is more common and 
frequently after an infection we may see little tendency to an increase 
in red cells or haemoglobin until iron is given and a reticulocy te nse 
occurs 

(4) Deficient maturation has already been discussed in relation to the 
haemolytic-erythroblastic group of anaemias Factors leading to the 
development of erythroblastosis are imperfectly known Undoubt- 
edly “constitutional” tendencies play an important part Young 
infants tend to react this way We have already seen that m congeni- 
tal haemolytic jaundice erythroblastic blood pictures are the rule m 
infancy while later on they are exceptional There are, however, 
as we have seen, other etiological factors that may cause injury to 
haematopoiesis resulting in defiaent maturation of erythrocytes and 
consequent erythroblastosis Severe infection is such a one More 
important to the present discussion is the probability that in many 
instances erythroblastosis may be determined by some specific de- 
ficiency, such as IS presumably present m the case of the "pernicious” 
pictures m sprue or coehac disease 

(5) Blood destruction This is quite generally increased in the 
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cases belonging to the nutritional-infectious group In the hypo- 
chromic cases it is a relatively minor factor, in the erythroblastic 
cases It IS of greater importance and may in some be the principal 
cause of the anaemia, though this still awaits proof Simultaneous 
detenmnations of urobilin excretion in the stools and reticulocyte 
counts over prolonged periods have shown a tendency to the presence 
of an equilibrium which is interpreted as an equilibrium between blood 
formation and blood destruction, such that when reticulocytes are m 
excess, the red cells tend to rise and when urobilin excretion predomi- 
nates they tend to fall (314) The increased blood destruction has 
been used to support the idea of a toxic effect from the fat of milk 
Recent studies (unpublished) have shown that increasing the propor- 
tion of fat in the diet to the point of ketosis does increase the output of 
urobihn but this increase is relatively minor in extent, and moreover 
m the cases of nutritional anaerma with mcreased urobihn excretion 
a cure of the anaemia with iron, while the child is maintained on an 
otherwise exclusive milk diet, is accompanied by a return of the 
urobilin excretion to normal values (314) Rxcept for infection which 
usually causes a nse in the rate of urobihn excretion, the etiological 
factors concerned in an increase of blood destruction are entirely 
unknown 

A realization of the possible importance of a specific deficiency as a 
factor in the development of “von Jaksch” picture has come from 
recent studies of goat’s milk anaemia As Glanzmann pointed out, 
in cases of goat’s milk anaemia with the “von Jaksch” picture the 
babies are poorly nourished and have chronic gastro-mtestmal dis- 
turbances, whereas, in the cases with the ordmary hypochromic 
anaerma, they are usually well nourished As mentioned m the sec- 
tion on vitamins, Gyorgy has related the characteristic picture of 
goat’s m i l k anaemia, which he calls “pernicious,” to a deficiency of an 
unknown substance which he thmks is identical with Castle’s “extrm- 
sic factor ” Whether the deficiency is in the milk itself or m a failure 
of absortion is doubtful, but that there is a deficiency which is re- 
sponsible for the injury to erythropoietic function leading to erythro- 
blastosis, there seems now to be little question Where there is one 
deficiency there are likely to be others, evidence for which is to be found 
in the presence of edema and haemorrhagic tendency so common m 
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the haemolytic co'throblastic group Moreover, we find here a possi- 
ble explanation for the association of the “von Jaksch” picture with 
rickets that has been so frequently stressed in Uie past 
The difference between the hypochromic and the hemolytic-erythro- 
blastic anaermas lies then in the presence or absence of various re- 
sponsible etiological agents Those leading to iron deficiency or to 
deficient haemoglobin formation such as prematurity, diet low in 
iron, ordinary infections, would tend to produce hypocliroimc anaemia 
Except in the case of prematunty severe anaemia of this type develops 
relatively slowly and is rarely encountered in the first six months of 
life Those factors leading to deficient maturation of erj'throcytes 
would tend to produce the “von Jaksch” or haemolytic-erythroblastic 
type These factors are constitutional, especially in the very young, 
sex ere infections (sepsis and sy phihs) and (probably) an undeterrmned 
dietary deficiency associated in many cases with gastrointestinal 
disturbance and evidence of other defiaencies (scurvy and nckets) 
In any case there may be one or more of these factors present m any 
combination and diagnosis consists in a determination of the part 
each plays in the development of the final picture 


Anaemia of the Newborn Period 

Anaemia is not common in the first two or three weeks of life and 
until recently was hardly recognized as occurring except as an occa- 
sional manifestation of syphilis, sepsis or malaria In the last ten 
years, however, much interest has been aroused by the increasing 
number of reports of anaemia, especially the type associated with 
icterus and erythroblastosis which will be discussed shortly (Before 
taking this up, however, it will be necessary to consider bnefly the 
factors that may possibly cause anaemia in the first few xveeks ) 

A FACTORS RNOWN TO CAUSE ANAEMIA IN THE NEWTBORN 
PERIOD 

In any large senes of determinations of haemoglobin and red cells 
m the newborn period there may be a number of abnormally low values 
occurring earher than the usual time for such minimum levels (36) 
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There is no sharp line to be drawn between the normal and the ab- 
normal (12, 599), the distinction in the borderline case being largely 
in the point of view of the investigator The question in these cases 
IS not whether we should classify them as anaeima of the newborn, 
but what factors m the mother or baby might have led to such aber- 
rant values 

Although infection must be excluded in every case of anaemia in 
the first week or two of life, it is implicated in relatively few instances 
(298, 666) Adelheim’s (9) case in which the picture of erythroblasto- 
sis of the newborn occurred as a result of intrauterine infection with 
the spinllae of recurrent fever is the only one of its kind I have been 
able to find Syphths, sepsis, and malaria are all capable of causing 
the picture of erythroblastosis (152, 279, 661, 662), but rarely within 
the first week and usually a week or two later WinckeVs disease 
(13, 38, 116, 640, 719) is a form of acute haemolytic anaemia occurnng 
in the newborn period with haemoglobinuna and cyanosis It is 
generally considered to be due to sepsis, but no specific organism has 
been described It has been reported to occur as late as the fifth 
to sixth week of life (38, 116) 

Haemorrhage need be no more than mentioned, for it would only 
exceptionally pass unrecognized if it were severe enough to be the cause 
of anaemia Syphilis and sepsis may be associated with severe and 
often uncontrollable haemorrhage usually not commencing before the 
end of the first week Haemorrhage into the adrenal glands of unknown 
cause may occasionally be severe enough to cause anaemia, and might 
under exceptional circumstances pass unrecogmzed (232, 506) Ulcers 
arising in the gastro-intestinal tract may be an occasional cause of 
haemorrhage usually fatal Thromhopenic purpura has been reported 
a number of times (244, 248, 257, 396, 410, 413, 598, 613, 707) In 
some of these cases the child has subsequently shown a tendency to 
bleed The most common condition in which profuse haemorrhage 
occurs IS the so-called melaena neonatorum, the cause of which is at 
present unknown 

Rare causes of anaemia in the newborn include osteosclerosis, and 
leukaemia (28, 87, 220, 358, 438, 660, 662, 726) 

Congenital haemolytic jaundice has been reported to occur in this 
period (271) Hampson (269) mentions incidentally having seen 
several families with congenital haemolytic j'aundice in which many 
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of the infants died shortly after birth ivith icterus Sickle cell 
anaemia and Mediterranean anaemia have not been reported in the 
newborn penod 

The regulation of haemopoiesis in tlie fetus appears to be quite 
independent of that of the mother, and recognized disease of the 
mother rarely is related to anaemia in the baby Parsons (528) 
has attempted to relate dietary deficienaes in the mother to anaemia 
in the infant on the basis of experiments with rats But in human 
cases, the instances of anaemia in mother and newborn baby not only 
rest on sufficient evidence of anaemia in the baby but even if present 
in a few cases might easily be coinadence Van Creveld and Hcy- 
broek (136) reported an interesting case in which in a first pregnancy 
the mother suffered from a macrocytic anaemia and gave birth to a 
normal baby, whereas in tlie second pregnancy her anaemia was kept 
in check ivith liver extract, but the baby was anaemic at birth 

D ERYTHROBLASTOSIS FOETALIS (iCTERUS ORAVIS) 

The majonty of cases of anaemia in the newborn penod are depend- 
ent on factors of which we arc at present ignorant These cases are 
being reported with increasing frequency, but with htUc success in 
analyzing the mechanism by which they develop, or in determining 
etiological factors beyond the exclusion of syphilis or sepsis Since 
we know too little of their fundamental nature to classify them on 
this basis, we are forced to group them around certain salient clinical 
or pathological features with the expectation of a gradual realign- 
ment as we learn more about them The most clear-cut group chn- 
cally and pathologically is the so called “erythroblastosis foetahs” 
which bnngs together, on the basis of a common pathological picture, 
Universal Petal Hydrops, Familial Icterus Gravis, and certain cases 
of anaemia of the newborn m which there is evidence of increased 
haemolysis Clinically, these cases arc characterized by (1) Jaun- 
dicc, present at birth or appeanng within the first two days of life, 
(2) Anaemia, (3) Erytlirohlaslosts, (4) Familial occurrence especially 
of icterus gravis, (5) Fetal type of blood formation occumng in the liver, 
spleen, often the kidneys and sometimes other tissues, (6) Hydrops 
may sometimes replace jaundice in the above charactenzation, but is 
of little importance clinically since it is incompatible with life 
Familial occurrence A staking fact m the family history of icterus 
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gravis is that the first child nearly always is spared and in some 
fa mi l i es others in succession even up to the fourth or fifth pregnancy 
(152, 166, 236), but that once the condition has occurred it almost 
invariably continues to occur in all succeeding pregnancies Un- 
doubtedly many of the so-called “sporadic” cases are examples of the 
onset of a famihal occurrence Hydrops has rarely been reported 
alternating with icterus gravis (383, 431, 553) In some famihes 
instead of a succession of infants with icterus gravis there may be a 
succession of abortions or stiU-births interspersed with an occasional 
case of icterus gravis or hydrops (139, 385) Hilgenberg reported a 
family in which all the children by the first husband were normal and 
all by the second had icterus gravis This, of course, is suggestive 
of an hereditary factor, but in view of the order in which the normal 
and pathological cases occurred is well within the range of coincidence 
Hawksley and Lightwood report a case m which evidence of heredity 
was found in the occurrence of icterus gravis in brothers and sisters 
of the mother 

Jaundtce This may vary greatly in intensity but in all the cases 
belonging to this group it appears at birth or in the first day or two 
after birth To judge by the amniotic fluid and the vernix caseosa, 
jauncide may in some cases develop even before birth In general the 
slower the development of the jaundice the better the prognosis In 
the cases where the jaundice is milder, anaemia can be more easily 
recogmzed, so that such cases have usually been classified as “haemoly- 
tic anaemia of the newborn” rather than as icterus gravis It is 
probable, however, as Diamond, Blackfan and Baty pointed out in 
1931 that such cases belong essentially to the group we are describing 
Sometimes one may see a case with characteristic family history in 
which jaundice and erythroblastosis are minimal in extent (152, 622), 
only the anaerma being present, or jaundice may be present only 
following a transfusion (622, 154) Occasionally there may be exacer- 
bations of jaundice after apparent recovery had begun (279) 

The unne may contain bihrubm and the Van den Bergh test may 
give a direct reaction, but as far as one may judge from the reported 
cases the stools are rarely achohc The factors influencing the 
degree of jaundice are not well understood Increased haemolysis 
IS undoubtedly present, but as has been previously pointed out in- 
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creased haemolysis by itself docs not cause as great a degree of jaun- 
dice as IS present in the majority of these cases Morcorer the 
rapidity of the fall m red cells is not related to the severity of the 
jaundice Obstruction from thick inspissated bile has been inferred 
from the finding of “bile tlirombi” in the canaliculi of the liver, but 
this IS no more than an inference for which there is no satisfactory 
evidence 

Changes indicative of beginning cirrhosis were reported by Hawks- 
lej and Lightwood in infants dying after several weeks In the ma- 
jority of tliese cases anaemia w as not a prominent feature 

Anaemia This has usually been found on tlic first day when blood 
counts have been made at this time It readies its height in general 
during the third week but in individual cases there arc all variations 
in rapidity of development without relation to the seventy of the 
jaundice or the degree of ery throblastosis Severe jaundice tends to 
obscure the presence of anaemia, wath the result that its frequency in 
cases of icterus gravis may not be appreciated unless the blood is 
examined Red cell counts arc often reduced below a million, the 
lowest count on record being under 400,000, with recovery (Ducas 
and Jacquet ) 

EryihroUaslosis (152, 279, 342, 542, 599) This may vary' con- 
siderably in Its intensity from case to case like the jaundice which it, 
in general, parallels In cases avith hydrops or with jaundice develop- 
ing at or before birth the erythroblastosis may be extreme It is 
usually greatest at or shortly after birth, tending then to dimmish 
rapidly Nucleated red cells may persist, however, sometimes m 
considerable numbers until permanent recovery takes place At the 
time of beginning recovery , there may be a temporary increase in the 
number of erythroblasts 

As indicated in the first part of the work, eiy'throblastosis may occur 
in babies otherwise normal and may last even beyond the first week 
There is no sharp line to be drawn between the ‘normal’ and the 
‘pathological’ as Salomensen (599) has clearly shown, either in the 
dinical or the pathological picture (279) 

Blood picture The anaemia is of the maeroeylic-hyperchroimc type 
characteristic of the haemolytic-erythroblastic group, but it must be 
remembered that macrocytosis and hyperchromia are normal findings 
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in the newborn penod Reticulocytes are present in numbers above 
those usually found at the same age, but are not commonly increased 
above 10 or 15 per cent, except at the time of beginning recovery, 
Ross and Waugh on the other hand found higher reticulocyte counts 
(up to 60%) in the early penod Other signs of regeneration are usu- 
ally also present, such as polychromatophilia and sometimes baso- 
philic stippling The white cells are usually increased in number, not 
infrequently above 50,000 (Buhrman and Sanford reported a white 
count of 260,000 ) Leucopema, on the other hand, has rarely been 
reported (85, 159) A few myelocytes and occasional myeloblasts 
are commonly present, but any considerable abnormality of the white 
cell picture is rare and usually confined to the cases with extreme 
erythroblastosis Platelets are sometimes reduced in the group with 
severe icterus, and in this group there is also frequently present a 
haemorrhagic tendency, but there seems to be no close relation be- 
tween thrombopenia and the tendency to bleed Haemorrhages are 
usually confined to petechiae or larger subcutaneous purpuric patches, 
but occasionally profuse bleeding may take place from the umbilicus, 
the nose, or the gastro-intestinal tract Bleeding time is prolonged m 
these cases but not the coagulation time 

The. fragility (152, 279, 585) of the red cells m hypotonic salt solution 
IS sometimes increased, and sometimes diminished, but more often 
normal 

Clinical picture The picture of icterus gravis is too well known 
to require recapitulation here In the cases with milder jaundice in 
which anaemia is more evident there may be little in the climcal pic- 
ture to attract attention In the more severe cases the heart may be 
enlarged to percussion and occasionally death may be due to cardiac 
failure At autopsy the heart is frequently found to be enlarged 
The spleen is usually enlarged even on the first day of life Spleno- 
megaly is, however, rarely more than moderate Fluctuations in the 
size may occur, and there may be an increase following a transfusion 
when the transfused blood is haemolyzed The spleen returns to 
normal after recovery but some splenomegaly may persist for several 
months The liver is also usually increased in size, occasionally 
reaching the level of the umbilicus Signs of cerebral involvement are 
not infrequently present They should be viewed with some appre- 
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hension because of the possibility of the development of the so-called 
“Kcrmclcnis" (386, 755, 756), -which may lead to permanent cerebral 
changes— spastic paralysis and mental retardation 
Prognosis In the cases with severe icterus appeanng at birth or 
shortlv after birth the prognosis is bad, the mortality lying somewhere 
about 70 per cent or higher in untreated cases On the other hand, 
m the cases in nhicli the jaundice docs not appear until tlic second 
day, the prognosis has been good The seventj' of the anaemia seems 
to have little to do nath prognosis, and death seldom is the result of 
the reduction in haemoglobin Ihc cause of death is not clear in the 
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majonty of cases In a few cases infection may be present, in another 
small number, cardiac failure, m one or two cases haemorrhage has 
been suffiaently profuse to be a factor m the fatal outcome In 
nearly every fatal case, -whether treated or not, death has occurred 
within the first twelve days When death has occurred later it has 
usually been preceded by signs of infection 

Treatment and recovery The data concerning treatment and recov- 
ery are summarized in table 14 Of twenty-one cases treated in the 
first ten days of life there was only one m which immediate permanent 
recovery took place, according to the report, and five partial or tem- 
porary recoveries In the latter group are included (1) Cases in 
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whicli transfusions frequently repeated have succeeded in maintaining 
the red cells and haemoglobin at an adequate level but in which there 
is reason to believe that the responsible pathological process is still 
active, (2) Cases in which treatment may have a temporary effect 
with return of the red cells and haemoglobin toward the former level 
The principal difference between the untreated and treated cases in 
the first ten days of life was in the mortality ’’ 

The effect of transfusion in terminating the pathological process 
is another matter In the first twenty days twenty-two babies re- 
ceived no treatment, of these five recovered spontaneously to which 
may be added one more who began his recovery on the twenty-first 
day, making six m all or 28 per cent In the same period thirty-three 
babies received either transfusion or blood intramuscularly at some 
time Of these eleven began permanent recovery withm the first 
twenty-one days (33 per cent) Two of these, however, had received 
their transfusions m the previous period but had not responded to 
them immediately This suggests that the pathological process is 
to a large extent self-limited and that treatment in the first twenty 
days has little effect in bringing it to an end 

The third point to be mentioned is the temporary effect of trans- 
fusion In many cases, especially m the first twenty days, transfu- 
sion has no effect whatever on the level of haemoglobin and red cells 
(86, 152, 387, 482, 585, 622, 750), in fact m some cases the transfused 
blood is rapidly enough destroyed to cause increase of jaundice and 
enlargement of the spleen In some, however, the immediate effect 
of transfusion is maintained for a time before the red cells and haemo- 
globin return to a lower point (86, 152, 279, 622) The duration of 
this partial response becomes greater as time passes, and in some, 
permanent recovery begms before another transfusion is given (16, 
152, 302, 482), as we may see from the figures in the middle section of 
the table 

A fourth pomt is that treatment was always successful in initiating 

The reason for the relatively loiv mortality in the table is (1) That this tabulation 
includes the more favorable cases in -which jaundice appeared on the second day, and (2) 
that the rapidly fatal cases in i\hich there were no studies during life have not been 
included The figures are quite suffiaent to indicate the necessity for transfusion in the 
reduction of mortality 
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cilliet pcnDADCDl ot paTlial iec.c(vci> ailM tlie t’KtRUc.tk day la 
two cases ifon initiated the recover}' (139, 482) These facts suggest 
that after the ongiiial process is at an end, liacmopoietic stimulation 
IS necessary just as it is often necessary in post-infcctious anaemias, 
as VC haYC seen in the section on infections Evidence for such 
stimulation may be found in a rise in reticulocytes and sometimes in 
normoblasts following the transfusion or iron administration which 
initiates permanent recovery 

Lastl} , when recovery finally takes place it is permanent and there 
has not been reported a later tendency to haemolytic or erythroblastic 
anaemias Permanent recovery may not, however, take place until 
after the thirtieth dav and in a few cases was delayed until the end of 
the second month Occasional!} the anaemia changes during recov- 
ery to a h}'pochromic type for w'hich iron is indicated as m the com- 
mon hypochromic anaemia of infancy 
The question of Uie efficacy of intramuscular injections of blood is 
still unsettled, but this procedure should not be relied upon to the 
exclusion of transfusion the effect of wluch, on mortality, is undoubted 
Etiology and pathogenesis In the condition as it has been described 
here, we are dealing with a syndrome that is the result of some fault 
of haematopoiesis The importance of increased haemolysis is ques- 
tionable Undoubtedly it occurs, but tlicre is no satisfactory evidence 
that it IS of primary importance, that is that the erythroblastosis is 
merely the neonatal response to the need for greatly increased blood 
regeneration Even if this were the case, we would still need to ex- 
plain why the newborn infant reacts with a type of blood formation 
that IS encountered later only under veo abnormal conditions 
Moreover, recovery from haemorrhage at this period is not attended 
by any such picture, and as has been already pointed out the erythro- 
blastosis does not parallel the seventy of the anaemia The histo- 
logical appearance has been compared to that which is present norm- 
ally m the fourth or fifth month of gestation This has led to the idea 
that the chief fault lies in a failure of haemopoiesis to develop beyond 
this stage If this were the case one would hardly expect haemopoie- 
sis to reach a normal level within three weeks of extrautenne life 
after failing to develop in the preceding four or five months unless the 
failure to develop were due to some defect associated with gestation 
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The other alternative is that the condition is due to a retrogression of 
haemopoiesis to an earlier stage of development analogous to what 
occurs in pernicious anaemia 

Our knowledge is not yet sufficient to permit a discussion of etiology 
beyond the mere indication of possibihties (1) Infection seems un- 
likely for it must be one that affects the infant in each succeeding 
pregnancy and therefore must be present in the mother without 
causing manifestations Syphilis is, of course, such an infection but 
syphilis has been excluded in all the reported cases (2) Intoxication 
IS a possibility for which at present there is no evidence It must 
either be something arising from the fetal side of the placenta or else 
something to which the mother’s tissues are immune while the babies 
are susceptible (3) Deficiency whether of material or of process 
must be considered a possibility up to the present virtually untested. 
To be sure the mother’s diet has been considered and usually found 
adequate, and the mother rarely gives evidence of the presence of a 
deficiency but the problem of deficiency in the fetus has hardly been 
touched 

In dealing with these possibilities, certain points may be considered 
(1) The family history m which after a number of normal infants in 
succession, all succeeding infants are affected, (2) The health of the 
parents, lack of anaemia in the mother, absence of toxemia, etc 
Moreover, there is no evidence of any gross deficiency in the diet, 
or of any condition leading to deficiency, (3) The striking rarity of 
premature babies among the reported cases, (4) The presence of the 
condition at birth and its tendency to spontaneous disappearance in 
the second or third week of life, (5) The permanence of the return to 
normal after recovery has taken place 

In many ways “erythroblastosis foetahs” behaves like a defimte 
disease, but this does not mean that we must look for a single cause for 
it In a sense it is analogous to cirrhosis of the liver, a pathological 
picture, into the production of which more than one factor may enter 
In some it may be a developmental failure m which an hereditary 
factor may be present In some (probably very rare) there may be 
infection, as in Adelheun’s case of recurrent fever transmitted to the 
baby in utero, in others, some deficiency or a delay in assuming a 
normal function may be the factor It is of no assistance to an under- 
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standing merely to exclude the obvious, and then to group tlie remain- 
ing cases togetlicr as a “disease entity ” Such a collection of cases is 
little better tlian a waste basket 

Diagnosis The problem of diagnosis is tno-fold 1 It is neces- 
sary to distinguish cases of icterus gravis with erythroblastosis and 
anaemia from other cases ivith severe jaundice Congenital atresia 
of tlie bile ducts should rarely cause difficulty, but recently Pasaclioff 
and Wilson (536), and Rupilius (596) have reported cases in which, 
in addition to congenital atresia, there was also a typical picture of 
erythroblastosis The association of these two may be more than a 
coinadcncc but it is not eas> to find a reason for it The one condition 
that might be difficult to distinguish is severe icterus neonatorum, 
and this for the reason that there seems to be no real line between 
icterus gravis with erythroblastosis and anaemia on the one hand, 
and physiological icterus with the “normal” fall in red cells and haemo- 
globin and an occasional persistence of nucleated red cells beyond 
the usual period on the oUier We can only note that the earlier the 
icterus appears the more severe it is likely to be and the greater in 
general is the erythroblastosis, while when the icterus appears after 
the second day not only is erythroblastosis not present, but anaemia 
IS very unlikely to occur Until we know more of the processes re- 
sponsible for both condihons we are not prepared to say that they 
are due to essentially different pathogenesis 
2 The second problem of diagnosis is perhaps the more important, 
for it has to do with the problem of the recognition of the factors 
responsible for the condition, and an understanding of the process 
by which it develops If we tend to exclude cases in which the cause 
has been ascertained, that is merely for convenience in discussion and 
classification Adelheim’s case is no less one of erythroblastosis foe- 
talis because he happened to be successful in determining one of the 
responsible factors In one article reviewing the cases on record one 
case was excluded from consideration because the mother had had 
tuberculosis, if tuberculosis m the mother had nothing to do with the 
question, there is no reason for the exclusion, if, on the other hand, 
tuberculosis in the mother was a factor (rather improbable) this is of 
the utmost importance The reviewer m this case was misled by the 
term “primary” so often applied to anaemia of the newborn Anaemia 
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without cause is an absurdity, an elementary fact too often forgotten 
by those who use the term “primary,” and it is waste of time to 
invent criteria for the sake of applying a name when the purpose of 
diagnosis is to understand a process 

C ANAEMIA OE THE NEWBORN WITHOUT ERYTHROBLASTOSIS OR 

ICTERUS GRAVIS 

In the cases included in this group there is an occasional /aw?/)' 
htstory — not of icterus gravis, but rather of abortions or still-births, 
or anaemia without jaundice (1, 69, 136, 673) ErythroUasts are 
sometimes present to a shght extent and in a number of cases are in- 
creased at the time of beginning recovery (>136, 537, 566, 666) The 
anaemia is generally of the macrocytic-hyperchromic variety usual in 
the newborn period Evidences of legeneration, usually present when 
looked for were sometimes absent indicating in these cases a hypo- 
plastic process The rapidity with which the anaemia may sometimes 
develop suggests the presence of mcreased haemolysis in spite of the 
absence of jaundice (11, 273, 531, 566) There is no haemorrhagic 
tendency in any case of this series, and the platelets were not found 
reduced 

Pi ognosis and fatal cases Prognosis is in general good, as in the 
group with relatively mild jaundice and erythroblastosis In a few 
cases death occurred in the first ten days of life, but there is evidence 
to be discussed shortly that these cases differed from the majority 

Treatment and recovery In untreated cases recovery took place 
during the fourth and fifth week (69, 70, 136) In the transfused 
cases recovery generally began in much closer relation to the trans- 
fusion and most of the treated cases had begun their permanent 
recovery by the end of the third week (11, 171, 242) Iron adminis- 
tration was followed by rapid recovery in two cases, previously show- 
ing no tendency to recovery (1, 504) 

Etiology and pathologenesis Stransky (666) divided the anaemias 
of the newborn into the regenerative and the aregenerative or hy- 
poplastic Susstrunk considered his own case aregenerative in spite 
of the tissue erythroblastosis, because the bone marrow was hypoplas- 
tic In Abbot and Abbot’s case the femur marrow was hypoplastic 
while the sternal marrow was hyperplastic and there was erythroblas- 
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tosis in the liver The case of Brown Morrison and Me\ er was hv-po- 
plastic both dinicalh and at autops> and the same was true of two 
cases of PassachofI and WDion (536, 537), the second, one of fetal 
hj drops Van Cree eld's vas also “hypoplastic” on the grounds of 
the almost complete absence of reticulocytes at the height of the 
anaemia Happ (274) considered his second case "hypoplastic” 
Thus, we are able to separate a group of cases in which h>'popl3sia, 
confined to the erj thropoictic tissue, is present to some eirtent In 
this group the prognos’s is appiarcntlj a erj poor, only one out ol the 
SIX cases having recoi ered 

Some of the cases appear to be probablj haemoh tic m nature even 
though jaundice is absent, and therefore may be thought of as bdong- 
mg to the icterus-erj'throblastosis group with the difference that 
the process is lees seicre, causing onlv the increased haemolj’sis and 
not affecting haemopo’csis Such cases are those of Pntchard and 
Smith, Slranskj, two cases, Greenlhal, Ehr m a n n, McKaj and 
O'FljTin, Akerren Noll, Gelston and Sappmgton, C de Lange 

Still milder are Abbot and Abbot’s second case, those of Bonar 
and of Bonar and Smith from the same familj , case 5 of Passachofi 
ana Milson, case 5 of Parsons, Hawkslej and Gittins, and case 1 of 
iIcKaj and O’Flj nn 

Thus, there is a possibihtj of constructmg a contmuous senes at 
one end oi which is icterus gra\n3 and eiy throblastosis of the severest 
type, with high mortaliU , and at the other end cases that difier from 
the normal onU in the rapiditj of the fall of red cells and haemoglobm 
As has been prenoush pomted out, the fall in red cells and haemo- 
globin in the normal babj appears to be due to a combination of two 
processes — (1) a reduction of erythropoietic actmty probably de- 
pendent on the fact that the haemoglobm and red cells are at a pomt 
abo\e that which is normal for extrautenne life, and, (2) an increase 
m the rate of haemolysis which -vanes from case to case but comes to 
an end usually between about the fifteenth and thirtieth day of life 
in the fuU-term and somewhat later m the premature baby The 
rapidity of the fall in the red cells and haemoglobm probably depends 
largely on the haemoly-tic factor, which is not to be considered normal 
ev en though it occurs m the normal baby The vanabon m the rate 
of haemolysis is great even m the normal baby and it should not be 
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surprising that in some eases sufRcicnt haemol) sis may be present to 
cause anaemia In the case o£ Abbot and Abbot and the first ease of 
Bonar and Smith, the sequence of events was similar to what occurs in 
tlie normal child but took place in more rapid succession, as if the 
presence of the anaemia itself had speeded up the development of 
the opposing process leading to recovery 
When we come to the more severe groups it is impossible to make 
any such clear companson wiUi the normal, except in occasional 
cases It IS probable that we arc dealing with two factors, one leading 
to haemolysis and the other to erythroblastosis and jaundice It is 
also probable that bone marrow stimulation may cause the appearance 
of normoblasts, and even of more immature forms m the arculating 
blood There arc examples of this in a number of cases at the time 
of recovery whether spontaneous or induced by transfusion or other 
therapeutic measures (136, 384, 387, 482, 566, 537, 666) Tlus type 
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of erythroblastic reaction must not be confused with the erythro- 
blastosis of the newborn, which tends to become greatly reduced in 
the first ten days of life, and is evidently not due merely to a need for 
blood replacement 

Two facts seem of some significance in relation to the presence of 
erythroblastosis (1) In almost all the fatal cases of icterus gravis, 
death took place in the first ten days of life, (2) Transfusion or blood 
intramuscularly was only rarely followed by permanent recovery, 
when given in the first ten days, although transfusions repeated 
every day or two maintained life until recovery began In the 
cases without erythroblastosis, however, transfusion was not infre- 
quently followed by immediate and complete recovery when given in 
this period 

The factor leading to haemolysis is present for a longer time, but 
as long as it is present permanent recovery may not take place The 
time at which it disappears completely apparently varies from about 
the end of the second week to about the end of the fifth week, occa- 
sionally later, to judge by the beginning of permanent recovery 
The delay in its disappearance would explain the failure or partial 
effect of transfusions, as has been described earlier Two facts need 
to be stressed (1) The absence of jaundice is not incompatible with 
the presence of increased haemolysis, (2) A slight degree of erythro- 
blastosis may be present during the later period, this is probably de- 
pendent on erythropoietic stimulation Throughout this discussion, 
I have used the term “factor leading to increased haemolysis” as if 
it were a positive factor It may, however, be a deficiency, a tempo- 
rary failure to supply an antihaemolytic substance on the part of the 
newborn baby until birth supplied by the mother, an idea first ad- 
vanced by Hampson 

D ANAEMIA OCCURRING LATER IN NEWBORN PERIOD 

Cases of acute haemolytic anaemia occurring m the newborn period 
but beyond the tenth day of life have been reported (39, 185, 269, 
531) How to place these cases in relation to other groups is a prob- 
lem On the one hand, they may be regarded as examples of “haemo- 
lytic anaenua of the newborn” beginning later than usual, on the 
other hand, they may be particularly mild examples of that form of 
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acute hacmol>tic anaemia known as "Wmckcl’s disease” which is 
generally considered to be due to sepsis As a matter of fact m Wme- 
kcl’s disease sepsis has rarely been actually determined, and the belief 
in this cause goes back to the original description of an epidemic of 
hacmoglobinuna and is strengthened by the fact that the condition 
has virtually disappeared with the improvement m obstetrical tech- 
nique Avoiding any preconceptions, Winckel’s disease is merely a 
form of haemolytic anaemia in which haemolysis is particularly 
violent, the cause of which is thought to be sepsis Two cases with 
hacmoglobinuna reported by Bass and Ginandes and by Fern at 
12 and 25 days rcspcctivel> constitute a possible link between Winc- 
kel’s disease and those less severe ones without haemoglobinuria 
which might be classed as acute haemolytic anaemia or as “late” 
haemolytic anaemia of the newborn 

The problem as in all tlic cases thus far discussed is not to be solved 
until w c know more of the processes involved and the manner in which 
they arc influenced by etiological factors at present unknown The 
best we can do at present is to group them rather loosely according to 
certain clinical or hacmalological characteristics for further considera- 
tion The use of dogmatic criteria for diagnosis or the application of 
a name carries with it the danger of too earlj a “ciy'stalhzation” 
before the nature of the condition is understood 


Treatment of Anaeiha 

The problem of treatment is two-fold (1) to save life, and, (2) to 
influence the process which is responsible for the anaemia In order 
to meet this problem we must have an understanding of what is going 
on and why Adequate diagnosis is therefore the first requisite of a 
rational therapy and by diagnosis is meant a clear understanding of the 
factors responsible for the entire condition of the patient and not 
merely the ability to name the condition from which the patient is 
suffering The anaemia itself is relatively rarely a cause of death, 
so that we are less often called on merely to raise haemoglobin and red 
cells, than to direct our therapeutic efforts to the treatment or pre- 
vention of the cause, or to the influencing of the pathological process 
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when the cause is unknown or cannot be reached In the section that 
follows, I shall consider briefly the various therapeutic measures, 
discussmg their possible effect as far as is known and the indications for 
their use 


A TRANSFUSION 

The most obvious action of transfusion is to raise the level of red 
cells and haemoglobin, and its most obvious indication is to relieve a 
situation that is threatening the life of the patient The total effect 
of transfusion, however, far transcends the mere raising of haemo- 
globin and red cells, so that we are compelled in many instances to 
infer a direct or indirect action on the process which is responsible for 
the anaemia In some cases, especially of nutritional anaemia, the 
course suggests that the anaemia itself is a factor in the prolongation 
of the conditions responsible for the pathological process, and that the 
mere raising of haemoglobin is sufficient to break the vicious circle and 
restore the normal equilibrium In such cases anything that will 
cause a nse in haemoglobin will have the same effect and iron has 
largely replaced transfusion for this purpose In others it is probable 
that the process to which the anaemia is due is itself self-himted and 
that transfusion merely tides the patient over the cntical penod until 
the reparative processes begin Examples of this may be found in 
anaemia of the newborn It is also probable that in some cases of 
acute haemolytic anaemia the alleged specific effect of transfusion is 
more apparent than real 

Durmg injections it is difficult to raise the haemoglobin by any 
means other than transfusion In such cases the effect may be either 
to improve the condition of the patient so that he is better able to 
withstand the infection, or actually to supply antibodies If the in- 
fection is not influenced by the transfusion the haemoglobin quickly 
returns to its former level Transfusion is particularly indicated in 
cases of severe anaerma in which pneumoma develops (191) Ordi- 
narily, however, in pneumonia the moderate degree of anaemia often 
present does not necessitate transfusion, though the procedure may 
be of great benefit to the patient in helping him combat the infection 

In the haemolytic-erythroblastic group, the effect of transfusion 
is quite obscure In the constitutional group represented by congeni- 
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ta\ haomolylic 3 aundice, sickle cell anaemia, and Mediterranean 
anaemia, transfusion may have no more than a temporarj effect given 
in quiescent periods During crises, how ever, the rise in haemoglobin 
following transfusion is often as dramatic as it is in acute haemolytic 
anaemia but one is just as often left wondenng whether the effect of 
transfusion is not more apparent than real Sometimes, however, 
one may sec a result that definitely points to an influence of transfu- 
sion on tlie pathological process itself, though such an influence is 
never more than temporary A study of urobilin excretion m these 
cases has indicated that transfusion is followed by a temporary dimi- 
nution m the rate of blood destruction (unpublished) It is therefore 
possible that transfusion may act in these cases bv supplying some- 
tlung that was lacking in the patient In the non-congemtal types, 
(120, 514), tlie efficacy of transfusion depends on the continuance or 
disappearance of the responsible factors In this group transfusion 
IS superior to iron in treatment, but favorable experience with liver 
indicates that transfusion may not be a necessity, though, as in the 
case of hypocliromic anaemia, it may be indicated where speed is 
desired 

In the hypoplastic-aplastic group, transfusion in general has no 
more than a temporary action and rarely influences the exentual out- 
come There have, however, been a few cases in which persistence in 
transfusing has been followed by recovery There is, of course, al- 
ways the possibility that if the patient is kept alive long enough he 
ma> eventually be able to correct the disturbance that is responsible 
for the failure to establish a normal cquihbnum 

The dangers of transfusion have been exaggerated The most 
senous danger is from the use of mis-matched blood, leading to exces- 
sive haemolysis haemoglobinuna, kidney damage and sometimes 
death A second obvious danger is the transmission of syphdis or 
malaria A third danger encountered with great ranty is anaphylactic 
shock or other types of allergic reaction usually after repeated trans- 
fusions from the same donor (84, 213, 261, 730) Cardiac failure dur- 
ing transfusion has been reported 

In some cases, even when matching is satisfactory the transfused 
blood is haemoljzed (44, 229, 730) This happens particularly in 
severe haemolytic anaeimas It is apt to be forgotten that in such 
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cases the rate of haemolysis is such that the patient destroys more of 
his own blood in a day than can be replaced by transfusion so that it 
is not surprising that the transfused blood may be destroyed m ad- 
dition It is perhaps more a matter of remark that the transfused 
blood IS not more often destroyed No harm usually results from 
such a destruction of transfused blood and it merely indicates that 
the haemolytic process is still active Occasionally excessive haemoly- 
sis involves not only the donor’s blood but also that of the recipient 
as in a mis-matched transfusion (472, 515) Under such circumstances 
transfusion is naturally contra-indicated 

In aplastic anaemia, leukaemia and some other conditions involving 
haemopoiesis, unfavorable reactions to transfusion often become more 
frequent and severe as the disease progresses Under such conditions 
it may be better to stop this form of treatment and allow the patient 
to die in peace The common febrile reactions occurring after trans- 
fusion often with chiU and temporary nse in temperature are of no 
importance and may be disregarded 

Intrapentoneal transfusions may be used in place of intravenous, 
in most cases the blood bemg rapidly absorbed into the circulation 
(467, 521, 593) In very sick children, however, absorption is greatly 
retarded so that this route should be avoided in such cases (113, 
192, 432) 

Injections of whole blood or serum may sometimes be used m place 
of transfusions where immediate increase in red cells and haemoglo- 
bin IS unnecessary The results in general are less satisfactory, but 
the procedure may be valuable during the preparation for trans- 
fusion especially in acute haemolytic anaemia or haemorrhagic disease 
Intramuscular injections of blood should, however, not be relied on 
to the exclusion of transfusion when the condition of the patient is 
precarious Good results have been reported from the use of frequent 
injections of blood m “von Jaksch anaemia” (47, 189) 

B IRON AND COlPPER 

The value of iron in the treatment of hjqiochromic anaemia is now 
so generally recognized that there is nothing to be gained by presenting 
the evidence on which iron therapy rests Most of the work at pres- 
ent IS concerned with (1) The form in which iron is best given, (2) 
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Physiological action, (3) LimitaUons of iron therapy, (4) Methods of 
enhancing its action 

(1) Iron should be guen in utorgantc form The old dictum that 
one should buy iron m the market and not in the apothecary shop 
should be abandoned as far as it concerns tlic treatment of anaemia 
The maximum effects of iron arc obtained by flooding the body ivith 
a large excess of easily available iron, and food does not contain 
sufficient iron to achieve this result, or the iron of the food is not 
easily enough available Iron should preferably be given in soluble 
form, so that its availability should not have to depend on the gastnc 
acidity which may be deficient in infants Recent work indicates 
that ferrous iron is of greater value than ferric and may exert its maxi- 
mum effect with a smaller dosage The greater value of ferrous iron 
has not yet been demonstrated in anaemia m infancj It is not 
enough merely to treat two senes of infants and compare rates of 
recovery statistically , it must be shown that a maximum effect may 
be obtained by a smaller dose 

(2) The physiological effect of non is iaio-fold It stimulates haemo- 
poietic activity and it supplies a material essential to the formation 
of haemoglobin The effect of iron in cunng a hypochromic anaemia 
has been an important support for the opinion that hypochromic 
anaemia was essentially due to iron deficiency' As has been pointed 
out in the section on iron metabolism, we must define iron deficiency 
in terms of availability of iron, for except under extreme conditions 
there is no evidence that the body is deficient in iron that might be 
made available if we knew how This is particularly true after an 
infection when the failure of the haemoglobin to nse except after the 
administration of iron cannot be ascribed to deficiency Whetlier its 
effect IS m stimulation, or in supplying iron in an available form we 
have at present no means of knowing From the point of view of the 
clinic and the therapeutic use of iron the question of physiological 
acbon is probably academic, but there is at present a tendency to 
speak of iron deficiency anaemia without a clear realization of exactly 
what IS meant 

(3) Limitations of non therapy Iron xvill have no effect if haemo- 
poietic tissue is not stimulated Such a condition is present m the 
first SIX weeks of life while the haemoglobin and red cells are sUll 



428 


HUGH W JOSEPHS 


falling As already stated this is probably not due to an abnormal 
condition of the bone marrow, but merely that one ordinarily does not 
expect to raise the haemoglobin or red cells that are above the point 
that IS normal for the conditions that exist at that time During 
severe infections iron has little or no effect and during mild infections 
iron has a somewhat dimimshed action In the hypoplastic-aplastic 
group it has no effect In fact a failure to react to iron with reticulo- 
cyte rise in the presence of anaemia may be used as evidence of the 
presence of a factor of “hypoplasia” in the pathogenesis of the anaemia 

In the haemolytic-erythroblastic group iron has a limited applica- 
tion It will of course have no effect on constitutional factors so 
that one need not expect any reaction to iron m cases dependent on 
such a factor except in so far as there may be iron deficiency m addi- 
tion. In those dependent primarily on extrinsic factors, the so-called 
“von Jaksch” anaemia there may be some cases that will respond well 
to iron, while in others the result will be no more than partial 

(4) Measures to increase the efficacy of iron The value of hydro- 
chloric acid has not yet been settled It appears logical to use it, 
especially if there is hypo- or achlor-hydria and insoluble iron prepara- 
tions are used With the use of soluble preparations, it seems a pnori 
superfluous No clmical studies have yet been reported to settle this 
point 

The value of copper has already been briefly discussed Its action 
appears to be limited to cases receiving medicinal iron at the same 
time, and consists in aiding the formation of haemoglobin, probably 
as a catalyst (90, 313, 314, 406, 529, 695) Its action is best seen in 
those cases in which iron alone has failed to cause a complete return 
to normal Copper is rarely necessary for complete recovery but may 
be useful in acceleratmg recovery 

C LIVER THERAPY 

The indications and limitations of liver therapy have not yet been 
adequately settled The older statements that liver had no effect on 
the anaemia of infancy have had to be revised, but we do not yet 
know whether or not liver supplies anything that cannot be supplied 
by other means Its most useful application is in the treatment of 
cases belonging to the haemolytic erythroblastic group m which the 
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predominant factors are other than constitutional, especially the type 
with high color indev and tendency to “hypoplasia” often called 
“pernicious” (271, 289, 538, 418, 696, 175) The mode of action is 
unknown in most cases In some, it seems to have a non-specific 
stunulatmg effect similar to that of iron, as in the premature baby 
(318, 454, 330) In others it may supply a more specific type of sub- 
stance As has been stated previously many of the cases in the haemo- 
lytic-eiy’throblastic group probably depend on a deficiency of some 
nutntion factor similar if not identical wath Castle’s “extnnsic fac- 
tor ” The value of liver in this group may be due to the fact that it 
supplies this factor Ben)amin’s' case of “pernicious anaemia” in 
an infant apparently depends on a deficiency due to a difficulty in 
absorption, for it was only when liver was given parcnterally that the 
blood picture improved This case had most of the charactenstics of 
pernicious anaemia, but the absence of the “intrinsic factor” was not 
demonstrated 


D SPLENECTOilY 

The value of splenectomy is limited The most outstanding re- 
sults are obtained in the haemolytic-erythroblastic group, more par- 
ticularly in congenital haemolytic jaundice in which there is, clinically 
at least, a cure in the great majority In the otlier constitutional 
types the results are not so clear The consensus of opinion appears 
to be that it is of value m sicUc cell anaemia since the frequency and 
seventy of the enses appears often to be diminished (379, 543) On 
the other hand, as the child grows older enses tend usually to become 
less severe spontaneous!) , so that splenectomy rmght well be reserved 
for those cases in winch life appears to be endangered by seventy of 
the crises— a small minority In the erythroblastic types, splenec- 
tomy IS of very doubtful value although in some cases, the patient 
appears to be temporanly benefited In some of the rare cases of con- 
stitutional origin that do not fit into any of the three recognized 
groups, splenectomy has apparently been of value but in others, 
death may actually be hastened In general, in infancy and in the 
types with erythroblastosis splenectomy is rarely indicated 

' To be published Preliminary report at the 1P35 meeUng of the Society for Pediatric 
Research 
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In the cases in which the predominant factor is not constitutional, 
splenectomy is of very doubtful value As indicated previously, 
prognosis is relatively good in those in which severe infection is not the 
cause, but a few cases have been reported in which splenectomy has 
succeeded after other measures have failed (24, 33, 543) 

Other conditions for which the spleen is removed — thrombocyto- 
penic purpura, splenic vein thrombosis, cirrhosis of the hver, Gaucher’s 
disease — ^have only an indirect bearing on the subject of anaemia of 
infancy In many cases removal of the spleen materially improves 
the condition of the blood, even though the disease itself is not fun- 
damentally altered by this procedure The improvement in blood 
picture indicates an influence of the spleen on the regulation of blood 
formation discussion of which is beyond the scope of this article 

E DIETARY TREATMENT 

Czerny was one of the first to recognize the importance of diet m 
the treatment of anaemia, but with the passage of time it is becoming 
evident that the a pnon reasons he gave for the use of his diet were 
wrong The hypothesis of the injurious effect of fat has not one shred 
of evidence to support it except its plausibility but it has nevertheless 
found wide acceptance and even now it still appears as the basis for 
discussions of anaemia m the German literature As Aron pointed 
out in 1922 the diet used — ^limitation of nulk and increase in other 
foodstuffs, especially vegetables — ^was especially rich in “accessory 
factors,” to which he ascnbed a predominant importance that later 
work has only partially confirmed At the present time, with the 
improvement m infant feeding it is not necessary to stress the im- 
portance or the meaning of an adequate diet 

BIBLIOGRAPHY 

(1) Abbot, K H , and Abbot, F F Am J Dis Child. 49 724, 1935 [Anaemia of 

newborn] 

(2) Abrahams, A Proc Roy Soc Med 25 789, 1932 [Gaucher’s disease] 

(3) Abt, a F Am J Dis Child 43 337, 1932 [Anaemia of newborn] 

(4) Abt, A F J Pediatrics 3 7, 1933 [Anaemia of newborn] 

(5) Abt, A F , and Bloom, W J A M A 90 2076, 1928 [Niemann-Pick disease] 

(6) Abt, A F , and Denenholz, E J Am J Dis Child 51 499, 1936 [Reticuloen- 

dothehosis] 

(7) Abt, A F , and Nagel, B R J A M A 98 2270, 1932 [Premature] 

(8) Abt, I A Med Chn North Amenca 3* 13, 1919-20 [Cirrhosis] 



ANAEMIA or INFANCY AND EAIIL\ CraLDIIOOD 


431 


(9) AtJEUitiM, U Jahtb f Klndcrh 114 169, 1926 [Sepsis m newborn] 

(10) Adlek, K , AND Adu:r, M 7tschr Gcburtsch u Gynlifc 101 128, 1931 [Iron 

m tissues at birth] 

(11) AEERRfN, V ActaPaed 14 142,1933 (Anaemia of nei\born] 

02) Altzitzogi-ou, J Monatschr f Kmdcrb 58 329, 1933 [Anaemia of newborn] 

(13) xVhderb, H E , ako Sterv, G Arch f Kinderh 71 101, 1922 [Winckcl’s disease] 

(14) Anderson, P M , and Vickfrv, D G R Med J Austral 1 753, 1934 (Hcpa 

tomcgaly, Rlycogen disease] 

(15) Anderson, W \V , and Ware, R L Am J Dis Child 44 1055, 1932 [SicUe 

cell anaemia] 

(16) Andrews, H S , and Miller, A J Am J Dis Child SO 673, 1935 (Anaemia 

of newborn] 

(17) Anseacii, NY V Am J Dis Child 48 346, 1934 (\anthomMosis) 

(18) Amonow, A Prank Ztschr Path 41 26, 1931 [Gaucher’s disease] 

(19) ArpLETON, V B J Biol Chcm 34 369,1918 ]Normal, infancy] 

(20) Arena, G Pediatria 36 642, 1928 (Congenital mahna] 

(21) Aton, II Kim NVochcnsch 1 2035, 1922 (Anaemia of scurvy] 

(22) Aron, H Monatsch f Kindcrh 22 379, 1922 [Influence of MtammsJ 

(23) Aron, H Dcutsch Med Woclicnsch S3 1125, 1927 (Scurv) and anaemia] 

(24) AsirD\,Il T , AND Sodtu VM, A H Bnt Med J 1 411 1926 lSplcrectom>] 

(2o) Askin, J A , AND CFSoriKirR, C F J Pediatrics? 157, 1935 (VearoblastoroaJ 

(26) Attic, R Jahrb f Kmdcrh 134 196, 1932 (Kanthomatosis] 

(27) Auwcano, L Pediatna 36 1023, 1928 (ParmUal erythrcblaptic acaemia— 

Italian ca-t) 

(28) Baar, H Jahrb f Kinderh 104 1, 1924 [Leukaemia— newbo^s) 

(29) Baap, II Abhand a d Kmdcrb H 16 Berlin, S Karger 1927 [Cost’s millr 

anaemia] 

(30) Baar, H Pol Hacmat 35 111, 1928 (“Hypoplastic aplastr” iaxtraa] 

(31) Baar, H KUn NVochcnsch 9 1223, 1930 (Hodgkin’s 

(32) Baar, H u Strahsky, E DicKlmischcHlimalologicdesKb5r'£Lr*R. Franz 

Dcutige, Leipzig u Wien 1928 

(33) Babponeix, L et Mioet, A Bull Soc Ped Pam 32 2S7 ^'‘>4. ;5p^encciom> 

in “von Jaksch” anaemia] 


■ L T Am J 


(34) Baubott, r E, Johnston, J A, Haskins, C Jl, 

Dis Child 26 475,1923 (Gastric acidity] 

(35) Barbacq, P RivistaClin Ped 26 489, 1928 tOa. 

(36) Barbour P P South Med J 24 107, 1931 

(37) Bass, M H Arch Pednt 31 251,1914 (Corgtiina smaciT ^ 

(38) Bass, M H Arch Paed 35 84, 1918 (IN'^ccer ” 

(40) Batv, j M Am j Med Sc 179 546, 19.J a i 

(41) Batv, J M Am J D.s Child. 39 573,193. jcc=d.ccl 

(42) Batv, J M , Biacksan, K , a>!i>Diau!to 1 . 1 ; t - , 

[Mediterranean anaemia] 43 66/, 

(43) Baumann, T Monatschr f KmderzL ^ Ttr* , 

(44) Bayer, \V Deutsch med NNccnets:^ 

transfusion] •Haenob'sis 



432 


HUGH W JOSEPHS 


(45) Beck Monatsch f Kinderh 51 418, 1932 [Iron metabolism] 

(46) Bedeord, G V Canad Med Ass J 23 197, 1930 [Malignant tumor— newborn] 

(47) Beheendt, H Arch f Kinderh 71 94, 1922 [Treatment— injection of serum] 

(48) Belajewa, E Jahrb f Kmderh 118 296, 1928 [Malana] 

(49) Bell, A J , Kotte, R H , Mitchell, A G , Cooley, T B , and Lee, P Am 

J Dis Child 34. 923, 1927 [Sickle-cell anaenua] 

(50) Bendixen, P a , AND Lamb, F H J Lab & Chn Med 12 130, 1926 [Neuro- 

blastoma] 

(51) Benhamou, E et Nodchy, A Rend Soc Biol 107. 171, 1931 [Newborn- 

platelets] 

(52) Bennet, T I , Hunter, D , and Vaughn, J M Quart J Med N S 1 603, 1932 

[Celiac disease] 

(53) Bentivoguo, G C Chn Ped 15 335, 1933 [Favism] 

(54) Berkheiser, E J Arch Surg 8 853, 1924 [Xanthomatosis] 

(55) Berman, S L Am J Dis Child 36 102, 1928 [Niemann-Pick disease] 

(56) Bernhaim-Kareer, J, and Grob, M Ztschr f Kinderh 50 672, 1931 

[Anaemia of newborn] 

(57) Beutler, a Deutsch Med Wochenschr 50 459, 1924 [Acute haemolytic crisis 

(familial)] 

(58) Biedermann, H u Hertz, W Ztschr f Kmderh 56 170, 1934 [Glycogen 

disease] 

(59) Bigler, J A , and Brenneman, J Am J Dis Child 40 515, 1930 [“Hypo- 

plastic” reaction m infection] 

(60) Birk, — Munch med Wochenschr 77 575, 1930 [Cure of “hypoplastic” 

anaemia] 

(61) Bischoff, H u Bruhl, R Ztschr f Kinderh 40 702, 1926 [Cirrhosis] 

(62) Blackfan, K D , Baty, J M , and Diamond, L K Oxford Medicine, Oxford 

Umv Press, New York [General] 

(63) Blackfan, K D , and Wolbach, S B J Pediatncs3 679, 1933 [Vitamin A] 

(64) Blanc, — Arch med Enf 18 429, 1915 [Hodgkin’s disease] 

(65) Bloom, C J Am J Dis Child 16 391, 1918 [Malana — newborn] 

(66) Bloom, W Am J Path 1. 595, 1925 [Niemann-Pick disease] 

(67) Boecrer, P Centr f allgem Path 41 193, 1927 [Iron in tissues] 

(68) Boggs, T R , and Padgett, P Bull Johns Hopkins Hosp 50 20, 1932 [Pel- 

lagra] 

(69) Bonar, B E Am J Dis Child 33 226, 1927 [Anaemia of newborn] 

(70) Bonar, B E , and Smith, E H Am J Dis Child 45 594, 1933 [Anaemia of 

newborn] 

(71) Borak, j Arch Klin Chir 172 301, 1933 [Sarcoma — ^bones] 

(72) Borner, R Pfl Arch 220 716, 1928 [Normal newborn — Red cells — size] 

(73) Braithwaite, JVC Proc Roy Soc Med 26. 279, 1933 [Neuroblastoma] 

(74) Brandt, H Arch f Kinderh 67 395, 1919 [Scurvy] 

(75) Brannan, D Bull Johns Hopkins Hosp 38 189, 1926 [Chloroma] 

(76) Brannan, D Bull Johns Hopkins Hosp 41. 104, 1927 [Anaenua (haemolytic 

erythroblastic)] 

(77) Bridgeman, M L , and Robertson, T D Am J Dis Child 43 1155, 1932 

[Cirrhosis] 

(78) Brinchman, a Ztschr f Kmderh 30. 158, 1921 [Scurvy — experimental] 
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(79) Brouwer, E Jahrb f Kinderh 102 257, 1923 [Goat's milk anacmial 

(80) Brou\\-er, E Jabrb f Kindcrh 103 51, 1923 (Goat’s milk anaemia] 

(81) Bro^w.S S,Morrisov,M ,ANDMt\ER,D A Am 3 Dis Child 48 335,1934 

[Anaemia of newborn] 

(82) llRUCSCir, H Dcutsch Ardi f Kim Med 173 199, 1932 [Pancreatic disease] 

(83) BaOnt, H Ztschr f Kindcrh 54 159, 1933 [Purpura] 

(84) Brunvttzer, II N Ztschr f Kindcrh SI 566, 1931 [Transfusion — allergy] 

(85) BuaiANjA II , anti Comrie, J D J Patli ABact 13 398, 1909 [Anaemia of 

nci>bom] 

(86) BuimtANjW L , Aim Sakford, II N Am J Bis Child 41 225,1931 lAnacmia 

of newborn] 

(87) BU^GELER, W Erankf Ztschr f Patli 41 257, 1931 [Leukaemia — newborn] 

(88) BOngeler,\V u Schwartz,? EranU Ztschr f Path 35 165,1927 [Normal- 

newborn] 

(89) Burghard, L Klin Woehensehr 4 2305, 1925 [Pancreas] 

(90) Calwxel, G W , AND Dfnnctt, R II Med J and Ucc 135 286, 1932 [Treat 

ment — copper] 

(91) Calmn, J K Am J Dis Child 43 791, 1932 [Acute haemoI> tic anaemia — 

hacmoglobinuna] 

(92) Canellt A r Pediatna 24 193, 1916 [Hodgkin’s disease] 

(93) CAM^o, R Pediatna 35 1299, 1927 (Anaemia of newborn) 

(94) Caiter, a , Epstfin, H , and Scmxss, R A Am J Med Sci 188 84, 1934 

(Gaucher's disease] 

(95) Di Capua, P Pediatna 37 753, 1929 [Hodgkin’s disease] 

(96) Dt Capua, T Pediatna 37 869 and 1223, 1929 [Kalaazar] 

(97) Caronia, G Pediatna 23 481, 1915 (Hodgkin’s disease] 

(98) Carr, W L Am J Obstet A Gyn 18 203, 1929 (Normal — newborn — bleeding 

and dotting lime— Iragility] 

(99) Carter, W E Am J Dis Child 22 244, 1921 [Neuroblastoma] 

(100) Castie, W B Ann Int Med 7 2, 1933 [Extnnsic factor and vitamin Bj] 

(101) Castorina, G Pediatna 36 15, 1928 [Chloroma] 

(102) Catee, W hlonatschr f Kinderh 36 337, 1927 [Hodgkin’s disease] 

(103) Certkov Abs Zcnlrallbl f Kinderh 26 158 [Malana] 

(104) Cerza, L Pediatna 40 685, 1932 [Familial erj’throblastic anaemia — Italian] 

(100) Chandler, A C Hookworm Disease MacMillan, New York City 1929 

(106) CuEa allier, P , Guillaume, A C ct Jub#, L Le Sang 6 707, 1932 (Acute 

haemolytic anaemia] 

(107) Cihari, H Ergeb allg Path 24 396, 1931 [Xanthomatosis] 

(108) CmEFFr, A Pediatna 41 1183, 1933 [Anaetma (haemol> tic crythroblasUc)] 

(109) CnmviTZ, I Acta Paed 1 416, 1921 [Gastne acidity] 

GlO) CuRisTHOFP, N Wien Kim Woehensehr 42 335, 1929 [Agranulocytosis] 

(111) Cizi, C Rv\ elm Pcdiat 25 289, 1927 [Tuberculosis} 

(112) Clodids, a Monatschr f Kinderh 15 111, 1919 [Anaemia (haemolytic 

erythroblastic)] 

(113) CoLE,W C C , andMontcomerVjJ C Am j Bis Child 37 497,1929 [Trans 

fusion— -intrapentoneall 

(114) CoMBY, J Arch med Enf 29 532,1926 [Acute haemolytic anaemia — haemo 

globmuna] 
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(115) CoMBY, J Arch med Enf 37. 482, 1934 [Hepatomegaly — ^glycogen disease] 

(116) CoNKERTH, 0 Ztschr f Kmderh 39: 74, 1925 [Wmckel’s disease] 

(117) Cooke, J V Am J Dis Child 44 1153, 1932 [Leukaemia — ^lymphosarcoma] 

(118) Cooke, J V , and Mack, J K J Pediatncs S 601, 1934 [Sickle-ceU anaemia 

in a white child] 

(119) Cooley, T B ,andLee,P Am J Dis Child 38 103, 1929 [Sickle-cell anaemia 

in a white child] 

(120) Cooley, T B , and Lee, P J Pediatrics 1 184, 1932 [Anaemia (haemolytic- 

erythroblastic)] 

(121) Cooley, T B , and Lee, P Am J Dis Child 43 705, 1932 [Mediterranean 

anaemia] 

(122) Cooley, T B , and Lee, P J Pediatrics 3 55, 1933 [Erythrocyte fragmenta- 

tion] 

(123) Cooley, T B , Witwer, E R , and Lee, P Am J Dis Child 34 347, 1927 

[Mediterranean anaemia] 

(124) CoRBEiLLE, C Mmnesota Med 11: 678, 1928 [Hodgkm’s disease] ' 

(125) CoRCAN, P , Oberling, Ch et Dienst, G Rev Francais de Pediat 3* 789, 1927 

[Niemann-Pick disease] 

(126) CoRT, W W , Payne, G C , and Riley, W A Am J Hygiene 3 85, 1923 

[Hookworm disease] 

(127) Graver, L F , and Copeland, M M Arch Surg 28 1062, 1934 [Hodgkm’s 

disease — bone changes] 

(128) Graver, L F , and Copeland, M M Arch Surg 30 639, 1935 [Leukaemia- 

bone changes] 

(129) Craweord, R , AND Williamson, R Am J Dis Child 46 563, 1933 [Mediter- 

ranean anaemia] 

(130) VAN Creveld, S Nederl Tydschr v Geneesk 75 890, 1931 [Ascans] 

(131) VAN Creveld, S Am J Dis Child 44 701, 1932 [Normal newborn — size of 

red blood cells] 

(132) VAN Creveld, S Ztschr f Kmderh 52 299, 1932 [Hepatomegaly — glycogen 

disease] 

(133) VAN Creveld, S Arch Dis Child 9 9, 1934 [Hepatomegaly — glycogen 

disease] 

(134) VAN Creveld, S Arch Dis Child 10 125, 1935 [Reticuloendothehosis] 

(135) VAN Creveld, S et Heybroek, N J Rev franc p6d 8 158, 1932 [Prematunty] 

(136) VAN Creveld, S et Heybroek, N J Rev Francais de Pediat 11 365, 1935 

[Anaemia of newborn] 

(137) VAN Creveld, S , and Levy, W A Am J Dis Child 39. 790, 1930 [Throm- 

bosis of splenic vein] 

(138) Curtis, C C Arch Pediat 51 396, 1934 [Cirrhosis] 

(139) Dalldore, G , AND Russel, H K New York State J Med 32 839, 1932 [An- 

aemia of newborn] 

(140) Dameshek, W Fol Haemat 49 64, 1933 [Reticuloendothehosis] 

(141) Davidson, L S P Quart J Med l(n s)" 543, 1932 [Haemolytic-erythroblastic 

anaeima m Hodgkin’s disease, lead poisoning, etc ] 

(142) Davison, W C Am J Dis Child 30 23, 1925 [Gastnc acidity] 

(143) Day, O J Canad Med Assoc J 15 370, 1925 [Cirrhosis] 

(144) Deaver, j M Am J Dis Child 46 356, 1933 [Artesia of bile ducts] 
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(145) Debr£,R ,Lam\,M ftRaudrv Bull ctiincm soc mcd hop Pans SO 1023,1926 

(Congcmlal hacmol} tic jaundice) 

(146) Debr£, R et SEMriAiosT, G Pre^sc mcd 38* 1742, 1930 (Hepatomegaly 

steatosis] 

{HI) Dedr£, R, Semeuione, G, and Lauy, M Arch mcd Knf 33 677, 1930 
(Cirrhosis] 

(148) Denzer, B Arcli Tediat 44 S3, 1927 (“Hypoplastic" anaemia) 

(149) Dessylia, C Haemalologica 12 339, 1931 (Anaemia (haemolytic erythroblastic)] 
hsO) DiAitANTQPOUijOS, S 7tschr f Klnderh 42 606, 1926 [Esophageal ulcer — 

newborn] 

(151) Diauon-d.L K Am J Dts Child 46 226, 1933 IPrcmatunty] 

(152) Biauokd, L K , BiACkrAN, K D , and Bat\, 3 M J Pediatncs 1 269, 1932 

(Anaemia of newborn — general account] 

(153) Dienst, G Jahrb f Kindcrh 123 181, 1929 [Gaucher’s disease] 

(154) Donaiey, H IT Am J Dis Child 27 369, 1923 (Anaemia of newborn] 

(155) Donovan, F J Surg Cl North Amcnca 21 517,1931 [Gaucher’s disease] 

(156) Dormann, A Monatschr f Kindcrh 53 204,1932 (Purpura after vacemaUon] 

(157) Druceer,? ActaPacd 3 1,1924 (Normal, infancy] 

• (158) Docas, P ytALnoT, G Arch domed Enf 36 595,1933 [Diver — malignancy] 

(159) Ducas, P etJacqult, J M Arch mcd Ent 34 420, 1931 [Anaemia of new- 

born— Anaemia (liacmolytic erythroblastic)] 

(160) Doken, j Arch f Kmderh 64 67, 1915 (Lymphosarcoma] 

(161) Doken, J 7tschr f Kmderh 46 114,1928 

062) DoNnASi, E C Am J Dis Child 40 671,1930 llctcrus gravis sepsis) 

(163) Dunham, E C, and Shelton, M T J Pediatncs 4 39, 1934 [Castnc ulcer 

newborn] 

(164) Dunlop, H A , and Sanders, A G Lancet 1 1169, 1934 [Acute haemolytic 

anaemia — hacmoglobinuriaj 

(165) Eckardt, r hlonalschr f Kmderh 61 139, 1934 [Neuroblastoma] 

(166) Eckun, T Monatschr f Kmderh 15 425, 1919 [Anaemia of newborn] 

(167) Ehrmann, E W Am J Dis Child 37 138, 1929 [Anaemia of newborn] 

(168) Elus, R W B, and Hutcihnson, R Proc Roy Soc Med 27 118, 1933 

{Hepatomegaly] 

(169) Elvehjem, C a , Petersen, W H , and Mendenhall, DR Am J Dis Child 

46 105, 1933 [Normal — infancy] 

(170) Eumanuele, a Pediatna 31 422, 1923 [Normal — ^newbom^ — platelets] 

U71) Enoel, a Monatschr f Kmderh 54 449, 1933 [Anaemia of newborn] 

(172) Epstein, J W J Pediatncs 4 251, 1934 [Malana — newborn] 

(173) Evans, W A , and Leucutiv, T Am J Roentgen 15 497, 1926 [Lymphosar 

coma — bone mvolvemcnt] 

(174) Exchaqdet, L Arch med Knf 34 656, 1931 [Hepatomegaly] 

(175) Faber, H K Am J Dis Child 36 1121, 1928 [Anaemia (haemolytic erythro- 

blastic)] 

(176) Faber, H K , Mermod, C , Gleason, A L , and Watkins, R P J Pediatncs 7 

435, 1935 [Gastnc aadity in anaemia] 

(177) Fahr, Th u Stamm, C Monatschr f Kmderh 26 169, 1923 (Gaucher's 

disease] 

(178) Fanconi, G Jahrb f Kmderh 117 257, 1927 (“Hypoplastic anaemia — 

familial} 
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(179) Fanconi, G Abhandl a d Kinderh H 21; (1928) Berlin, S Karger [Cebac 

disease] 

(180) Faenos, H Jahrb f Kinderh 112 47, 1926 [Normal — newborn — platelets] 

(181) Fassrainer, S Ziegl Beitr 94 153, 1934 [Xanthomatosis] 

(182) Feer, E Ztschr f Kinderh 116' 155, 1927 [Chloroma] 

(183) Feer, W Jahrb f Kinderh 123 145, 1929 [Hodgkm’s disease] 

(184) Fernan-Ntjnez, M Arch Int Med 40 46, 1927 [Tnchocephalus dispar] 

(185) Ferri, U Pediatna 36 93, 1928 [Acute haemolytic crisis at 25 days] 

(186) Fiessinger, N , DeCotot, P ex Latjr, C M Le Sang 5- 257, 1931 [Acute 

haemolytic anaemia] 

(187) Fife, C A Arch Pediat 37. 419, 1920 [Lymphosarcoma] 

(188) Fisher, C F Arch Pediat 49' 574, 1932 [Niemann-Pick disease] 

(189) Finkelstein, H Jahresk f Arztl Forth 23' hb, (1932) [General] 

(190) Flinker, R Fol Haemat, 49 148, 1933 [Pellagra] 

(191) Flinn, L B Am J Dis Child 37 596, 1929 [Transfusion] 

(192) Floyd, M L Am J Dis Child 37 1007, 1929 [Transfusion — ^intrapentoneal] 

(193) Foot, N C , and Jones, G Am J Dis Child 25 379, 1923 [Chloroma] 

(194) Foot, N C , and Olcott, C T Arch Path 10 81, 1934 [Reticuloendothehosis] 

(195) Forbes, R P Am J Dis Child 25 130, 1923 [Malana — newborn] ♦ 

(196) Foster, A O , and Cort, W W Am J Hyg 21 302, 1935 [Hookworm] 

(197) Foster, A 0 , and Landsberg, J W Am J Hyg 20 259, 1934 [Hookworm] 

(198) Frank, E S Nederl Tijdschr v Geneesk 75 5794, 1931 [Osteosclerosis] 

(199) Frank, M Ztschr f Kmderh 31 16, 1922 [Normal newborn — white cells] 

(200) Frank, M Arch f Kmderh 73 142, 1923 [Sepsis] 

(201) Frank, M Monatschr f Kmderh 31 470, 1926 [Syphilis] 

(202) Frank, M Monatschr f Kmderh 37 468, 1927 [Prematunty — reticulocytes] 

(203) Frank, M Arch f Kmderh 86 13, 1929 [Anaemia (haemolytic-eiythroblastic] 

(204) Frank, M Monatschr f Kmderh 60 350, 1934 [Vitamin A] 

(205) Frankenstein, C u Stecher, L Ztschr f Kmderh 37' 145, 1924 [Normal 

infancy white cells] 

(206) Frenkiel, H Zeitschr f Kmderh 52 608, 1932 [Acute haemolytic anaemia 

(Allergy?)] 

(207) Frick, P h Friedrich, G Arch f Kmderh 90 1, 1930 [Gaucher’s disease] 

(208) Friedlander, A , and Wiedemer, C Am J Dis Child 30 804, 1925 [Normal 

newborn — ^reticulocytes] 

(209) Fries, J H , Durham, E , and Shair, H M J Pediatrics 2 487, 1933 [Mediter- 

ranean anaemia — splenectomy] 

(210) Fukushima, M , AND Matzumoto, H Onent J Dis Inf 3 27, 1928 Abs Am 

J Dis Child 37 646, 1929 [Lead poisoning] 

(211) Ganelu, E , AND Predaroli, T Pediatna 39 1089, 1931 [Liver— mahgnant 

tumor] 

(212) Garot, L Rev franc de P6d 5 491, 1929 [Lymphosarcoma] 

(213) V Gaupp Monatschr f Elmderh 59 195, 1934 [Transfusion— allergy] 

(214) Geisler, W , AND ScHEiN, H Arch f Kmderh 91. 54, 1930 [Neuroblastoma] 

(215) Gelston, C F , AND Sappingxon, E E Am J Dis Child 39: 807, 1930 [An- 

aemia of newborn] 

(216) Genoese, G Pediatna 36 465, 1928 [Acute haemol 3 dic cnsis — Malana] 

(217) Gerstel, G Virch Arch 294 278, 1934 [Xanthomatosis] 
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(218) GEScincKTER, C r, AND CorEiAND, M M Tumors of Bone Am J Cancer 

New York 

(219) GnoRiiLEY, R K Ball Johns Hopkins IIosp 33 444,1922 (Obtcosclcrosis) 

(220) GniUN,J Arch Bed SO 662 1933 ILcukacnua— newborn) 

(221) Von Gierke Virch Arch 275 330, 1929 (Anaemia of newborn] 

(222) Von Gierke Khn Woehensehr 10 2295, 1931 [Anaemia of newborn] 

(223) Ginandes, G J Am J Dis Child 48 1336, 1935 [Kala azar (lit )J 

(224) Giuaud, P Arch med Enf 35 313, 1932 [Kala azar) 

(225) GrrriNs, R. Arch Dis Child 8 367, 1933 [RcUculocndoUieliosis] 

(226) Gladstone, S A Am J Dis Child 44 81, 1932 [Iron m tissues] 

(227) Glammann, E Jahrb f Kindcrh 111 127, 1926 [Goat’s milk anaemia] 

(228) Glaser, E Bcrl Elm Woehensehr 50 200, 1913 [Scurvy] 

(229) Goebel, E Ztschr f kindcrh 39 258, 1925 [Transfusion] 

(230) Goldbloom, A , and GorrtirB, R 4m J Dis Child 38 57, 1929 [Icterus 

neonatorum] 

(231) GOLDirAMERjS M .Isaacs, R , AND Storms, C C Am J Med Sc 188 193,1934 

[Hepatic disease] 

(232) Goldzieher, M A , and Greenwald, H M Am J Dis Child 36 324, 1928 

[Newborn— adrenal haemorrhage] 

(233) Goodaue, R H Arch Path 9 528, 1930 [Uvet— malignant tumor] 

(234) Goodall, a Edinburgh Med J 8 500, 1912 [Osteosclerosis] 

(235) Gorter, E Maandsch kinderhgcnccsk 3 135, 1934 Abs Zentralbl f d ges 

Kindcrh 29 272 [Lead poi«oning) 

(236) Gorter, E Nedctl Tijds u Geneesk 79 5620, 1935 [Anaemia of newborn] 

(237) Gorter, E , de Geus, J E G , and Huetino, E J Abs 2^ntra!bl f d ges 

kindcrh IS 273, 1924 [Tnchoccphalus dispar] 

(238) GbTTcnE, O Monatschr f Kindcrh 35 505, 1927 [Cirrhosis] 

(239) GbTTcnE, 0 , AND Vertan, E Jahrb f Kindcrh 127 221,1930 (Splenic \ein 

thrombosis] 

(240) Grady, H G , and Stewart, H L Arch Path 18 699, 1934 [Xanthomatosis] 

(241) GRAYiNcnoFT, W , und Netoaus, C Monatschr f Kmderh 40 71, 1928 

[Goat’s milk anaemia] 

(242) Greenthal, R M Am J Med Sc. 179 66, 1930 [Anaemia of newborn] 

(243) Greenwald, H M J Pediatries 3 117,1933 [“Hypoplastic aplastic” anaemia] 

(244) Greenwald, H M , and SriERiiAN, I Am J Dis Child 38 1245, 1929 [Pur 

pura of newborn] 

(245) Gregory, H C Proc Roy Soc Med 21 1730, 1928 [Anaemia of newborn] 

(246) Grenet, H , Isaac Georges, P , Louvet et Arondel Rev franc d p6diat 9 

6S6, 1933 (Lympho«ircomal 

(247) Grinnan, a G Am J Roentgen 34 297, 1935 [Xray — haemolytic anaemial 

(248) Grob, M Ztschr f kindcrh 46 748, 1928 [Newborn — haemorrhage] Oit ) 

(249) Grob, M Jahrb f Kmderh 142 163, 1934 [Congenital haemolytic jaundice] 

(250) Gdassardo, G Riv Chn Ped 30 1531, 1932 [Osteosclerosis] 

(251) Guest, G M Trans Am Ped Soc 1934 [Newbom-cell size] 

(252) Guest, G M Quoted by Mugrage and Andersen [Newborn — red cells] 

(253) Guglieluo, G Haematologica 12 615, 1931 [Gaucher’s disease] 

(254) Guillemonat, M A Comptes Rend Soc Biol 49 32, 1897 (Iron m tissues] 

(255) Guizetti, H. U Virch Arch 282 194, 1931 [ReUculoendotheliosis] 
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(256) Gtjnxher, B Deutsch Med Wochenschr 49 219, 1923 [Acute haemolytic 

anaemia haemoglobinuna] (lit) 

(257) Gutxrreund, A Monatschr f Kinderh 55* 436, 1933 [Purpura— newborn] 

(258) Guy-GKiTFiTHS, F Med J Australia 1927, u, 683 [Anaemia (haemolytic- 

erythroblastic)] 

(259) Gvorgy, P Ztschr f Kinderh 56 1, 1934 [Goat’s milk anaemia] 

(260) Gyorgy, P , Ktjhn, R , xjnd Wagner-Jatjregg, T Kim Wochenschr 12 1241, 

1933 [Goat’s milk anaemia] 

(261) Gyorgy, P , tjnd Witebsky, E Munch med Wochensch 76. 195, 1929 [Trans- 

fusion — allergy] 

(262) Haase, G Monatschr f Kinderh 60 241 [Goat’s milk anaenua — expenmental] 

(263) Haden, R L , AND Neff, F C Am J Dis Child 28 458, 1924 [Newborn- 

color index and cell size] 

(264) Halbertsma, T Ztschr f Kinderh S3 295, 1932 [Cirrhosis] 

(265) Hallez, G L Le Nounsson 7 102, 1919 [Anaemia — general] 

(266) Hahez, G L Le Nounsson 13 297, 1925 [Normal, newborn — resistance of 

red cells] 

(267) Hamburger, R Jahrb f Kinderh 116 41, 1927 [Niemann-Pick disease] 

(268) Hamper!, H Virch Arch 271 147, 1929 [Gaucher’s disease] 

(269) Hampson, a C Guy’s Hosp Rep 78. 199, 1928 [Icterus gravis] 

(270) Hampson, A C Lancet 1929 ,i 429 [Icterus gravis] 

(271) Hampson, A C , and Warner, E C Arch Dis Child 5: 299, 1930 [Anaemia 

(haemolytic erythroblastic) — ^liver treatment] 

(272) Hanau, F Monatschr f Kinderh 29* 54, 1925 [Cirrhosis] 

(273) Happ, W M Arch Ped 47 171, 1930 [Anaemia of newborn] 

(274) Happ, W M J Pediatncs 1 638, 1931 [Anaemia of newborn] 

(275) Hassler, E , und Krauspe Virch Arch 290: 193, 1933 [Disease of bones] 

(276) Hatzky, K Fol Haemat 49 211, 1933 [“Hypoplastic” anaemia] 

(277) Hawkseey, j C Proc Roy Soc Med 27* 942, 1934. [Congenital haemolytic 

jaundice] 

(278) Hawksiey, J C Proc Roy Soc Med 27. 1319, 1934 [Anaemia (haemolytic- 

erythroblastic) — splenectomy] 

(279) Hawksley, J C , and Lightwood, R Quart J Med 3. (n s ), 155, 1934 [Anae- 

mia of newborn — general account] 

(280) Hawksley, J C , and Lightwood, R Arch Dis Child 9 359, 1934 [Hypochro- 

imc anaemia] 

(281) Heard, J D , Schumacher, F L , and Gordon, W B Am J Med Sc 171 39, 

1926 [Xanthomatosis] 

(282) Hegler, C Deutsch med Wochenschr 54* 1505, 1928 [Celiac disease — adult] 

(283) Heinio, Paavo Acta Paed 14 474, 1933 [Normal newborn — reticulocjdes] 

(284) Heissen u Schalloer Ztschr f Kmderh 46 105, 1928 [Normal newborn 

cell size] 

(285) Berlitz, C W , und Walgren, F Acta Paed 8 216, 1928-29 [Hodgkin’s 

disease] 

(286) Herz,0 Monatschr f Kinderh 29 224,1925 [Congemtal haemolytic jaundice] 

(287) Herz, O Munch med Wochensch 73 868, 1926 [Chloroma] 

(288) Herz, O Monatschr f Kinderh 40 1, 1928 [Prematunty] 

(289) Herz, 0 Monatschr f Kmderh 40 116, 1928 [Treatment — liver] 
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(290) JlERZ^^BhE^, H Virch Areh 269 614, 1928 lYanUiamatosis] 

(291) Hilgevbepc, E Monatsch f Gcburtsdi u GynSL 70 261, 1925 [Anaemia of 

boml 

(292) Hill, N n Lancet II 654, 1927 (Atresta of bile ducts] 

(293) Hiii, 0 \V, Sirtrn, H T, and MoNCEn, R II Arch Pacd 48 335, 1931 

(Neuroblastoma] 

(294) Hippe, H , UND KoantANN, R Jahrb f Kuidcrh 136 102, 1932 [Purpura after 

Naccinationl 

(295) Hofp, r Virch Arch 261 142, 1926 (Syphilis — sepsis] 

(296) IIomtAN, S J Am J Dis Child 49 135, 1935 [Neuroblastoma] 

(297) Hoffmw.S 3 ,andMakier,M I Am J Dis Child 38 775,1929 [Gauchet^s 

disease] 

(298) Hoffmann, W Jahrb f Kinderh 105 155, 1921 (Anaemia of newborn] 

(299) Hoffmann, W , und Hausmann, M Monntschr f Xinderh 33 193, 1926 

[Cirrhosis] 

(300) Holst, P T Acta jned Scand Suppl 26 469, 1928 (Acute haemolytic anemia] 

(301) Hotz, A Jahrb f Kinderh 105 161, 1924 [Celiac disease] 

(302) Hotz, A Schn med Wochcnsch 15 10-17,1934 [Anaemia of nevs bom] 

(303) Huiin, R_ Dissert, Berbn 1932 (HodgUn*s Disease] 

(304) IciTENTi, W K Virch Arch 282 585, 1931 [\anthomatosisj 

(305) JANKZLSON,! R. J A M A 97 177, 1931 [Molana] 

(306) Jemma, R Ergebn d inn Med u Kinderh 23 595, 1923 [Kala aiai] 

(307) Jemma, R Arch f Kinderh 95 227, 1932 [Malana] 

(308) Jemma, G , and LAunmisar, A La Pcdiatna 41 970, 1934 [Kidney — tumors] 

(309) Jenny, K Dissert, Basel 1930 (Niemann Pick disease) 

(310) Jewesburv, R C Proc Roy Soc Med 23 1112,1930 [Anaemui of nenbora] 

(311) JosFPM, B M Am J Dis Child 40 81, 1930 [Tumor of marrow?] 

(312) JosEFiis, H W J Biol Chem 96 559 (1932) {Iron deficiency anaemia [expen 

mental)] 

(313) Josephs, H W Bull Johns Hopkins Hospital 49 246, 1931 [Treatment — iron 

and copper] 

(314) Josephs, H W Bull Johns Hopkins Hosp SI 185, 1932 [Urobilin excretion] 

(315) Josephs, H W Bull Johns Hop! ms Hosp 55 154, 1934 [Urobilin] 

(316) Josephs, H W Bull Johns Hopkins Hosp 55 259, 1934 [Iron metabolism] 

(317) Josephs, H W Bull Johns Hopkins Hosp 55 335,1934 [Physiological anaemia] 

(318) Josephs, H W Am J Dis Child 48 1237, 1934 [Prematunty] 

(319) Josephs, H W Bull Johns Hopkins Hosp 56 50, 1935 [Iron of the blood] 

(320) Juno, A Dissert, Frankfurt 1932 (Livermalignant tumor] 

<32l) JUNGMICHEL, G Ztschr { Kinderh 48 571, 1929 [Neuroblastoma] 

(322) Kaiser, A D , and Bradford, \V L Arch Pediat 46 571, 1929 [Acute 

haemol anaemia — ^haemoglobinuna] 

(323) Karelitz, S Am J Dis Child 33 394, 1927 [Neuroblastoma, Leukaemia — 

bone changes] 

(324) Karshn'ee, R G Am J Roentgen 16 405, 1926 [Osteopetrosis] 

(325) Karshner, R G Am J Roentgen 20 433, 1928 [Leukaemia — bone changes] 

(326) Kasahara, M , and Nacahama, M Ztschr f Kinderh 55 583, 1933 (Lead 

poisoning] 

(327) Kasahara, M , Tsuda, T , AND Nacahama, M Ztschr f Kinderh 55 479, 1933 

[Haemoglobinuna] 
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(328) Kato, K Fol Haemat 46 377, 1932 [Newborn — ^reticulocytes] 

(329) Kato, K , and Emery, 0 J Fol Haemat 49 106, 1933 [Infancy— haemoglobin] 

(330) Keefer, C S , and Yang, C S J A M A 93 575, 1929 [Treatment— iron, 

liver] 

(331) Keefer, C S , and Yang, C S Nat Med J China IS 419, 1929 [Deficiency 

disease] 

(332) Keiemann, K • Monatschr f Kinderh 23 383,1922 [Sepsis — thrombocytopenia] 

(333) KHARiNA-MARiNuca, R Pediatna 23. 101, 1915 [Syphihs] 

(334) KtLDUFFE, R A Am J. Dis Child 47 1065, 1934 [Agranuloc 3 d;osis] 

(335) Kilfoy, E j , and Terry, M C Surg , Gyn , and Obs 48 751, 1929 [Liver— 

malignant tumor] 

(336) KtRSHBADM, J D Am J Dis Child 47. 1080, 1934 [Atresia of bile ducts] 

(337) Klein, J Am J Med Sc 184* 491, 1932 [Neuroblastoma] 

(338) Kleinmann, H xr Klinke, J Virch Arch 275 422, 1929 [Copper m tissues] 

(339) Kleinschmidt, H Jahrb f Kinderh 83* 95, 1916 [Anaemia — ^general] 

(340) Kleinschmidt, H Jahrb f. Kinderh 84 259, 1916 [Congemtal haemolytic 

jaundice] 

(341) Kleinschmidt, H Jahrb f Kmderh 83 221, 1916 [Anaemia general] 

(342) Kleinschmidt, H Kim Wochenschr. 9’ 1951, 1930. [Anaemia of newborn — 

general] 

(343) Kxeinschmidt, H Med 28“ 1299, 1932 [Anaemia — general] 

(344) Klemmentson, E Acta Paed 3. 136, 1924 [Gastnc aadity] 

(345) Klemperer, P Am J Med Sc 188 595, 1934 [Lymphosarcoma — ^LeuLaemia] 

(346) Klercker, 0 Acta Paed 6. 302, 1926 [Gaucher’s disease] 

(347) Klima, R Wien klin Wochenschr 44: 445, 1931 [Hodgkin’s disease] 

(348) Klostermyer, W Ziegl Beitr 93 1, 1934 [Reticuloendothehosis] 

(349) Knauer, H Jahrb f Kinderh 114’ 285, 1926 [Anaemia — (haemolytic erythro- 

blastic) transfusion] 

(350) Knoll, W Deutsch Arch klin Med 136 237,1921 [Acute haemolytic anaemia] 

(351) Knox, J H. M , Wahl, H R , and Schmeisser, H C Bull Johns Hopkins Hosp 

27 1, 1916 [Niemann-Pick disease] 

(352) Knox, R A , and Ramsey, G W Ann Int Med 6 218, 1932 [Niemann-Pick 

disease] 

(353) Koch, L A , and Shapiro, B Am J Dis Child 44* 318, 1932 [Mediterranean 

anaemia] 

(354) Kochanska, I Th6se de Pans 1933 [Chloroma] 

(355) Kolodny, a Surg , Gyn , and Obs 44 (suppl 1), 1927 [Tumor of bone] 

(356) Konjetzny, G E Arch klin Chu 176* 335, 1933 [Tumor of bone] 

(357) Konstam, G L S Proc Roy Soc Med 24 703, 1930 [Hodgkin’s disease] 

(358) Kornmann, V Ztschr f Kmderh 56 440, 1934 [Leukaenua — newborn] 

(359) Kotikas, a Monatschr f Kmderh 63 108, 1935 [Vitamin A] 

(360) Krahn, H Deutschr Arch f klin Med 152 179, 1926 [Reticuloendothehosis] 

(361) Kramer, B Med dm North Amenca 11 905, 1928 [Niemann-Pick disease] 

(362) Kramer, B , Grayzel, H G , and Solomon, C I J Pediatncs 5 299, 1933 

[Hepatomegaly — steatosis] 

(363) Kramsztyk, St Ztschr f Elmderh 51 273, 1931 [Anaemia of newborn] 

(364) Kraus, E J Ztschr angew Anat 7 186, 1921 [Gaucher’s disease] 

(365) Kraus, E J , und Walter, A Med Kim 21 19, 1925 [Osteosclerosis] 
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(366) Krauss und Barth, T Kim Wochcnschr 13 876, 1934 p\.anthomatosisl 

(367) Keetsch und Pvschtn Cited by Antonow (Gauclicr*s disease] 

(368) Keetsciiuer, H L , A^D Hnins, W G Surg , Gyn , and Obs 52 1, 1931 [Kid 

ncy — malignancy] 

(369) KEuMDnAAE, E B J Lab &. Clm Med 8 11, 1922-23 [Normal ne'ftbom— 

reticulocytes] 

(370) Kruudhaar, E B Am J Med Sc 182 764, 1931 [HodgUn’s disease, bone 

mvoKcmcnt] 

(371) KuDEjAavTZEnA, N Arcli 1 Um Chir 159 658,1930 [Osteosclerosis] 

(372) KOm. Klin Wochcnschr 10 1053, 1931 [Acute hacmolyUc anaemia] 

(373) Ku^CKEL, D Ztschr £ Kinderh 13 101, 1916 [Prematurity] 

(374) KuNSTMiiTE, R H J rcdiatncs3 429,1933 [Tumor of bone marrov??) 

(375) KtiNSTADTER, R H Am J Dis Child 46 803, 1933 [Liver — malignant tumor] 

(376) KuAR'm.,B , AKoTwrss, J R Am J Dis Child 34 61,1927 [Ncutroblosloma] 

(377) Landau, A Ztschr f Kinderh 48 614, 1929 [Lymphosarcoma — Icukaemia[ 

(378) Lande, L Ztschr f Kinderh 22 IPS, 1919 [Prematurity] 

(379) Landov, J r , AND Patterson, H A J Pediatrics 7 472 [Splenectomj] 

(380) De Lance, C hfonatschr f inderh 14 351, 1918 [Cirrhosis of liver] 

(381) De Lance, C Jahrb f Kinderh 114 15, 1926 [Anaemia of ncttbora] 

(382) De Lance, C Ncdcrl Tijdschr % GencesL 75 2037,1931 [Gaucher's disease] 

(383) De Lange, C ActaPaed 13 292,1932 (Anaemic of newborn) 

(384) De Lance, C R6v Francais dc Pidial 8 448, 1932 [Anaemia— case reports] 

(385) De Lange, C Jahrb f Kmdcrh 142 225, 1934 [Anaemia of newborn] 

(386) De Lange, C Jahrb f Kinderh 145 273, 1935 [Kemictcrus] 

(387) De Lanoe, C, und Arntzentos, A K W Ztschr { Kmdeih 124 1, 1929 

[Anaemia of newborn] 

(388) Lange, R Jahrb f Kmdcrh 90 83, 1919 [Syphilis] 

(389) Lattes, G Pcdiatna 40 629, 1932 (ramihal erythroblastic anaemia (Italian)] 

(390) Laurence, J S , and Knutti, R E Am J Med Sc 188 37, 1934 [Purpura] 

(391) Lazarus, S D Am J Dis Ch 40 1063, 1930 [Acute haemolytic anemia] 

(392) Lederer, M Am J Med Sc 170 500, 1926 [Acute haemolytic anaemia] 

(393) Lederer, M Am J Med Sc 179 228, 1930 [Acute haemolytic anaemia] 

(394) V Leeuwxn, H E Fol Hacmat 49 434, 1933 [“HypoplasUc" anaemia] 

(395) Lescder, r G , and Huddix, D Quart J Med , N S 1 425, 1932 [‘Hypo 

plastic aplastic” anaemia] 

(396) Lescke, E , D WiTTKOWER, E Ztsch f him Med 102 649, 1926 [Purpura- 

new bom] 

(397) Lesn£, E , Clement, R , et Gutllan, P Arch mSd Enf 37 129, 1934 [Gau 

chcr’s disease] 


(398) LESNf, E , ET Langle Nounsson 15 65, 1927 [Anaemia— general] 

(399) LESNf, E , LitvRE, J A , et Boquien, Y Arch m€d Enf 35 $96 1932 l5fan 

thomatosis] ' 


(400) Lesn£, E, Vacuanus et Ciiristod Nounsson 11 301, 1923 [Scurvy— cxDen- 

mentalj ^ xpe - 

(401) Leitesh!. E Frank Ztschr Path 30 377, 1924 ReljailoendothrliOHsI 

(402) Lettej!er,E Jahrb f Kinderh 130 1 , 1931 [Goat’s null: anaonial 

(403) Leven, K Monatschr f Kinderh 49 46, 1931 (Malana-nr-zboml 

(404) Lew, E Arch £ Kinderh 75 49, 1925 [Hodgkin’s dis^,,] 
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(405) Levy, M Am J Dis Child 39. 669, 1930 [Sickle-cell anaemia] 

(406) Lewis, MS J A M A 96 1135, 1931 [Treatment — ^iron and copper] 

(407) Lichtenstein, A Svenska Lakarsallsk Handl 43 1533, 1917 [Prematunty] 

(408) Lichtenstein, A Acta Paed 1 194, 1921 [Iron metabolism — ^prematurity] 

(409) Lichty, D E Arch Int Med 53 379, 1934 [Xanthomatosis] 

(410) Liebung, P Am J Ohs & Gyn 11 847, 1925 [Puipura — ^newborn] 

(411) Liepmann, H , -OND Hofemann, a Ztschr f Kinderh 50. 212, 1931 [Pancreas] 

(412) Lightwood, E. Arch Dis Child 7 38, 1932 [Tumor] 

(413) Lightwood, R C Proc Roy Soc Med 25 138, 1931 [Purpura — newborn] 

(414) Lindemann, E • Jahrb f Kmderh 95 155, 1921 [Cirrhosis] 

(415) Lipphan, H S Am J Dis Child 27 473, 1924 [Newborn — red cells] 

(416) Loeschke, a Ztschr f Kinderh 53 • 553, 1932 [Hepatomegaly — glycogen 

disease] 

(417) Lo Peesti-Semineeio, F Pediatna 29 921, 1921 [Hodgkin’s disease] 

(418) Lo Peesti-Semineeio, F Pediatna 37 701, 1929 [Treatment — ^liver] 

(419) Lo Peesti-Semineeio Pediatna 37. 813, 1929 [Kala-azar] 

(420) Lookeeen-Campagne, J Maandschr Kmdergeneesk 1. 441 [Tnchocephalus 

dispar] 

(421) Lovegeen, E Acta Paed 10 371, 1931 [Tumor] 

(422) Lust, F , dnd Kloemann, L Jahrb f Kinderh 75 663, 1912 [Scurvy] 

(423) McCaethy, F P , and Wilson, R J A M A 99 1557, 1932 [Arsphenamine] 

(424) MacClhee, — Ztschr f Kmderh 51 86, 1931 [Anaemia of newborn] 

(425) McCone, D J , and Beadley, C Am J Dis Child 48. 949, 1934 [Osteo- 

sclerosis] 

(426) MacKay, H M M Arch Dis Child 3 117, 1928-29 [Anaemia — general] 

(427) MacKay, H M M , and Goodfellow, L Med Res Council Report #157,1931 

London [Anaemia of infancy — ^Hon deficiency] 

(428) MacKay, H M M Arch Dis Child 8 145, 1933 [Treatment copper] 

(429) MacKay, H M M Arch Dis Child 8 251, 1933 [Anaemia — etiology] 

(430) MacKay, H M M Arch Dis Child 10 195, 1935 [Prematunty] 

(431) MacKay, H M M , and O’Flynn, E Proc Roy Soc Med 26; 54, 1933 

[Anaemia of newborn] 

(432) McELhann, C F Bost. Med Surg J 195 1241, 1926 [Transfusion— mtra- 

pentoneal] 

(433) McLean, S Am J Dis Child 41 1411, 1931 [Syphilis] 

(434) McLean, S , and Caffey, J P Am J Dis Child 30. 810, 1925 [Platelets] 

(435) McNeill, C Edm Med J 37. 175, 1930 [Anaemia of newborn] 

(436) Maccanti, A Rivist Chn Ped 26 620, 1928 [Famihal erythroblastic anaemia 

(Italian)] 

(437) Macciotta, G Riv Clm Ped 24 721, 1926 [Favism] 

(438) Macciotta, G Riv Clm Ped 26 440, 1928 [Leukaemia — newborn] 

(439) MAcaoTTA, G Clm Ped 16 57 and 103, 1934 [Kala-azar] 

(440) Madon, V F Arch Sc Med 54 698, 1930 [Prematunty] 

(441) Magnusson, j H Acta Paed 18* Suppl 1 1935 [Prematurity] 

(442) Maldaghe Cited by M Meumer [Neuroblastoma] 

(443) Maldague, L Rev Francais Ped 5 567, 1929 [Anaemia — general] 

(444) Manai, a Haematologica 9 369, 1928 [Favism] 

(445) Mandeville, F B Radiology 15 72, 1930 [Xray of bones m erythroblastic 

Aminl 



ANAEMIA OF INFANCY AND EARLY CHILDHOOD 


4^3 


(446) ilANNE, A S , A^D KubkTN, L J Pcdiatncs 4 789, 1934 (Acute 

anaemn] 

(447) ^Iarcelli, G Scntti mediclie in onorc Jemma 2 813, 1934 (Kala ani^ 

(448) Marcialis, I Clm Fed 15 508, 1933 (ramihal erythroblas^ 

(Italian)] 

(449) Marquard, E Arch f Kmdcrh 72 251, 1923 (Anaemia (hacn*o!r:r^«rr::ir^ 

bias tic)] 

(450) Marqu£zy, R A , ex ri..\VDEm, P Arcli med Enf 34 2S3, 19-1 r*irTpr- 

plasUc” anaemia] 

(451) Harriott, \V HcK , and Davidson*, L T Am J Dl> ClHi 25 542, 1723 

[Gastric aadity] 

(452) Hathteu, J Arch med Enf 30 591, 1927 [Intestinal puas « 

(453) Hatzdorit, E Virch Arch 266 416, 1928 [Neuroblastom] 

(454) Maurer, S , Greenoard, J , AND Kluver, C JAM A. 93 *C67 1933 [Tnat 

ment, liver] 

(455) Mensi, E Pediatna 28 593, 1920 [Chloroma] 

(456) ^Iensi, E Pedntna 28 785, 1920 (Anaemia (hacwoli’tar-crvtliTrblaSUc)] 

(457) Merritt, K K , and Davidson, L T Am J Dis ChHi-M PX),I9J3 [Normal 

—newborn and infancy] 

(458) Merritt, K K , and Dvvidson, L T Am J Du ChHd 47 261, 1934 [Pir- 

matunty] 

(439) Mekmtt.K K , and Paige, B H Am J Du aJi<4 l36S,m (\jinll.oni 4 . 
tosis] 

(460) Metiel, HD Am J Du Child 42 gSS, IMl IVimtJionutoiisI 

(461) IIETTIER, S R , AND JlmoT, G Am J Mtd. Sc 181 2i, mi Irrcatorat- 

iron— HCl] 

(462) Mevi^, S R , Mivot, G R., ANoToTO-rEND, IV G J A JI A 95 1059, 19A' 

laciirwl ’ 


IS 5 I ^ l‘Vcumhla5(omil 

S’"”'”’ rr C (Bone-nulismint lutnorl 

4 S 1 Sv™’? S ^ 517,1951 (Acorohh.loma) 

(466) Meyer, L Am J Dis Child 39 669 1930 ii » 

(467) Meveh,L F Jahrb f KmderriKiffiSorf In 

(468) Meyers, B Pmc. Roy Soo Med M S ’Su J’ 

(469) Mezov Zentralbl f d ges Kinderh 25 255 'iou '^m 

(470) Miertmet, C W G Ztschr f Rreh f it l^roorofKi-er,,— , 

" “X";,', ' ”• - . - 

(S) IS s' 

p6)M0GGi,D Riv ain PeSt'je 

™ “ S’ . '“"S;.”??: 

ilocylcsl m ,'S-rT=a,- 


(478) 

(479) MoNCRiE^r.A Amh Du k'lld ^ 


Du Child 5 265, 1930 !G.-sS 
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(480) Moncrieff, A Proc Roy Soc Med 26- 1359, 1933 [Anaemia (haemolytic- 

erythroblastic)] 

(481) Mondini, E M Pediatna 37 473, 1929 [Familial erythroblastic anaemia 

(Italian)] 

(482) Montfort, J A , and Brancato, G J Arch Ped S2 431, 1935 [Anaemia of 

newborn] ' 

(483) Montgomery, A H Ann Surg 87 755, 1927 [Hodgkin’s disease— bone 

changes] 

(484) Moore, E S J Missoun State Med Assoc 26 511, 1929 [Osteosclerotic 

changes m sickle cell anaemia] 

(485) Morison, j M W Br Joum Radiol 7* 213, 1934 [Xanthomatosis] 

(486) Morosowa, A M , tj Raskina, M W Arch f Kmderh 88 41, 1929 [Normal- 

newborn] 

(487) Mugrage, E R , and Andresen, M I Am J Dis Child 51:775,1936 [Normal 

— ^newborn and infancy] 

(488) Mueray-Lyon, R M Bnt Med J 1; SO, 1935 [Acute haemolytic ^crisis] 

(489) DE Murtas, C Clm Pediat 15. 873, 1933 [Lymphosarcoma] 

(490) Nadolny, G Jahrb f Kmderh 105* 212, 1924 [Osteosclerosis] 

(491) Naegeli, 0. Blutkrankheiten und Blutdiagnostik 5th ed J Sprmger, Berlm 

1931 

(492) Nagao, N Abs Zentralbl f d ges Kmderh 30 154, 1934 [Gaucher’s disease] 

(493) Nasso, I Pediatna 31 489, 1923 [Chloroma] 

(494) Natau, C Pediatna 42 861, 1934 [Xanthomatosis] 

(495) Neaie, a V Arch Dis Child 5. 137, 1930 [Gastnc acidity] 

(496) Neaee, a V , AND Hawksiey, J C Arch Dis Child 8 211, 1933 [Anaemia- 

relation to anaemia m mother] 

(497) Neaie, a V , Smallwood, W C , and Shippam, F Am J Dis Child 50' 1502, 

1935 [Celiac disease] 

(498) Neumann, U Arch f Kmderh 98 139, 1933 [Tumor] 

(499) Nicolaeff, N M , and Zembler, W Ztschr f Kmderh 48 678, 1929 [Hodg- 

kin’s disease] 

(500) Nism, M Cited by Foster and Landsberg [Hookworm disease] 

(501) Nitschke, W Arch f Kmderh 72 136, 1923 [Syphilis] 

(502) Nixon, N R , and Vaughn, J O Am J Dis Child 49. 710, 1935 Acute 

haemolytic anaemia haemoglobmuna] 

(503) Nocee, H Monatschr f Kmderh 19 455, 1921 [Purpura after vaccination] 

(504) Noll, A Ztschr f Kmderh 57 21, 1934 [Anaemia of newborn] 

(505) Nussbaum, S Am J Dis Child 43* 389, 1932 [Anaemia (haemolytic-erythro- 

blastic)] 

(506) Nussbaum, S . Am J Dis Child 44* 146, 1932 [Haemorrhage — ^newborn] 

(507) Nussabum, S Arch Pediat 50 561, 1933 [Lymphosarcoma] 

(508) Oberung, C , ET WoRiNGER, P R6v Francais de P6d 3. 475, 1927 [Gaucher's 

disease] 

(509) OcKEL, G Jahrb f Kmderh 110 62, 1925 [Goat’s milk] 

(510) OcKEL, G , u Haagen, W W • Arch f Kmderh 80 107, 1927. [Reticulocytes] 

(511) Oesterun, E Virch Arch 247" 589, 1923 [Osteosclerosis] 

(512) Ogilvie, J W Arch Dis Child 10 143, 1935 [Gastnc aadity m anaemia] 

(513) DE Oliveira, G Virch Arch 296* 264, 1935 [Aplastic anaemia] 
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(514) Opitz, H Monatschr £ Kinderh 24 113, 1923 (Anaemia— general] 

(515) Opitz, H Monatsclir f Kinderh 27 376, 1924 (Transfusion] 

(515) Opitz, H Jahtb f Kinderh 107 211, 1925 (Splenic vein thrombosis] 

(517) Opitz, H Jahtb f Kinderh 108 311, 1925 (Goat’s milk anaemia] 

(518) Opitz, H Berlin Klmik 35 (May-June 1928) (Anaemia— general] 

(519) Opitz, H Article on Anaemia in Pfaundicr and Sclilossmann, American transla- 

tion of 1931 edition 

(520) Opitz, H Jahrb f Kinderh 144 1,1935 (Cirrhosisl 

(521) Opitz, H , und Metis, F Jalirb f Kinderh 107 269, 1925 ITnnsfnsion] 

(522) Orzeccowski, G Vitidi Atcli 267 63, 1928 [Liver — malignant tumor] 

(523) Otto, G F Am J Trap Med 15 693, 193S [Tnchoccphalus disparity) 

(524) Paradiso, F Scntti med in onorc Jemma 2 985, 1934 [Chloroma] 

(525) Paruelee, H H Am J Dis Child 39 1364, 1930 [Mediterranean anaemia 

(526) Parsons, LG J A. M A 97 973, 1931 [Anaemia— general] 

(527) PARsoiaS, LG Am J Dis Child 43 1293, 1932 [Celiac disease] 

(528) Parsons, L G Acta Pacd 13 378, 1933 [Dcfiaency anaemia — experimental] 

(529) Parsons, L G , and IIawkseev, J C Arch Dis Child 8 117,1933 [Anaemia- 

general] 

(530) Parsons, L G , and Hawksley, J C Arch Dis Child 8 184, 1933 [Anaemia 

(haemolyUc-trythroblaslSc) general] 

(531) Parsons, L G,HAnKSu:v,J C ,and Gittins, R Arch Dis Child 8 159,1933 

[Anaemia of newborn] 

(533) Parsons, L G , and Smallwood, W C Arch Dis Child 10 327, 1935 [Scurvy] 

(534) Paschert, L Ztschr f Kinderh 43 84, 1927 [Normal newborn— size of red 

cells] 

(535) PAscinas, K Wicn Arch f inn Med 7 485, 1924 [Cirrhosis] 

(536) PAssAcnorr, H D , and Wilson, L Am J Dis Child 42 111, 1931 [Anaemia 

of newborn] 

(537) Passachofe, H D , and Wilson, L Am J Obs &. Gyn 29 415, 1935 (Anaemia 

of nciibom] 

(538) Paterson, D Proc Roy Soc Med 24 1049, 1930-31 [Acute haemoljUc 

anaemia] 

(540) Pease, M C, de Sanctis, A G , and Alter, N M Arch Path U 509, 1931 

[Osteosclerosis] 

(541) P£nu,M Pedialna37 455,1929 [Syphilis] 

(542) Pinu, hi , Trillat, P , Noel, R , and hliLE Moisesco Rev Francais Ped 

10 471, 1934 (Anaemia of newborn] 

(543) Penberthy.G C , and Cooley, T B Ann Surg 102 645,1935 [Splenectomy] 

(544) Perazzi, P Pcdiatna 36 486, 1928 [Chloroma] 

(545) Pestc, L Monatschr f Kinderh 29 230, 1925 [Transfusion] 

(546) Peters, H LeB , and Horn, B Am J Med Sc 188 372,1934 [Neuroblastoma 

(547) PZTTERSON, A S Acta Pacd 14 269, 1933 [Anaeima (haemolytic-erythro- 

blastic)] 

(548) PiANA, G A Lattante 2 663, 1931, Abs Zentralbl f d ges Kmderh 26 384, 

1932 [Lymphosarcoma] 

(549) Picco, J , AND ZucAL, Z Arch Argen Pediat S 425, 1934 [Treatment— Uver] 

(550) Pick, L Am J Med Sc 185 453, 1933 [Gaucher’s disease etc,, review] 

(551) Pick, L Am J Med Sc 185 601, 1933 [Xanthomatosis review] 



446 


HUGH W JOSEPHS 


(552) PiNELU, A Pediatna 38 1184, 1930 [Hodgkin’s disease] 

(553) Plaxtt, a Arch Path 4 137, 1927 [Anaemia of newborn] 

(554) Plotz, M jama 98* 312, 1932 [Diphyllobothnum latus] 

(555) PoDViNEC, E , tr Teeplan, K Arch f Kmderh 93 40, 1931 [Reticuloendo- 

thehosis] 

(556) POGORSCHELSKY, H . Monatschr f Kmderh 29. 6, 1925 [Syphilis— sepsis] 

(557) PoiNOT, A These de Pans 1927 [Scurvy] 

(558) PouixzEE, R Pediatna 32. 69, 1924 [Normal newborn — ^fragihty] 

(559) PoNCHER, H G Am J Dis Child 42* 77, 1931 [Niemann-Pick disease] 

(560) Pounders, C. M Ann Int Med 8: 966, 1935 [Osteosclerosis] 

(561) POYNTON, F J , AND LiGHTWOOD, R Lancet 1. 1192, 1932. [Leukaemia— bone 

changes] 

(562) PoYNTON, F J , Thdrsfield, H , AND Paterson, D Bnt J Child Dis 19* 57, 

1922 [Acute haemolytic anaemia] 

(563) POYNTON, F J , AND Wyelie, W G Arch Dis Child 1. 1, 1926 [Cirrhosis] 

(564) Priesel, a , xtod Winkelbauer, A Virch Arch 262 749, 1926 [Hodgkm’s 

disease] 

(565) Pritchard, E , and Hauer, D H Arch Dis Child 9. 125, 1935 [Sarcoma] 
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THE INFLUENZAS OF SWINE AND MAN‘ 

RICHARD E SHORE, 11 D 

Associate Member oj The KachefeUcr Insliliilefor Medical Research, Princeton 

In the late summer or early autumn of 1918 a new epizootic disease 
appeared among swine m tlie middle west The exact date or locality 
of its first occurrence remains unknown but careful observers state 
that cases were seen as early as August on farms in western Illinois 
It IS certain that the disease caused serious losses among swine on 
exlubition at the National Swine Breeders’ show held in Cedar Rapids, 
Iowa, from September 30tli to October Sth At the conclusion of the 
show, the swine, many of them ill, xvere returned to their home farms 
and, within two or three days, this new disease was stated to be ramp- 
ant in ilie portion of the drove that had remained at home Shortly 
thereafter it became widespread among swine herds in Iowa and other 
parts of the middle west 1 he epizootic persisted in vanous localities 
until January of 1919 and reappeared in the autumn and winter of 
that year as extensive and severe as in 1918 It has recurred each 
year but vanes annually in its seventy and extent 
According to Dorset, McBryde and Niles (1), Dr J S Koen, an 
Inspector m the Division of Hog Cholera Control of the Bureau of 
Animal Industry, was the first to recognize the disease as being dif- 
ferent from any previously encountered He was so mucli impressed 
by the coincident-1 prevalence of human influenza and by the resem- 
blance of the symptoms seen in man to those occurring at the time m 
hogs that he became convinced that the two were actually the same 
He therefore gave the name of “flu” to this new disease of hogs The 
opmion of Koen that “flu” represented an entirely new swine epizootic 
disease, and that swine might have been infected in the first instance 
from man, was shared by some veterinary practitioners and many 
farmers in the middle west (2) Furthermore, the name “flu,” pre- 
fixed by the word “hog” or “swine” proved a generally accepted desig- 
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nation for the condition Since the disease has entered the period 
of scientific investigation, it has been dignified by the name “swme 
influenza ” 


CLINICAL FEATURES OP SWINE INFLUENZA 

Swine influenza is essentially a disease of autumn and early winter 
occurring annually among hogs in the middle western states Its 
onset is sudden and the morbidity rate in an affected herd high, prac- 
tically all of the animals under one year of age become sick Fever, 
anorexia, prostration of an extreme type, cough, and a rapid peculiar 
abdominal type of respiration are salient features of the disease The 
animals cry out when handled, which has been interpreted as evidence 
of muscular tenderness A leucopema is usually to be observed (3) 
The period of illness is short, varying from 2 to 6 days, and in uncom- 
plicated cases recovery is almost as sudden as the onset The mor- 
tality usually ranges from 1 to 4 per cent, but may be higher 

EXFERIMENXAL TRANSMISSION 

Swine can be readily infected experimentally by intranasal inocula- 
tion with suspensions of diseased lung or bronchial exudate (3 and 4) 
The disease is also highly communicable, transmitting with ease by 
pen contact Experimentally produced swine influenza is clinically 
similar in all respects to that observed occurring naturally in the field 
Its incubation period is short, from 2 to 7 days for animals infected by 
pen contact, and from 24 to 48 hours for animals infected by intranasal 
instillation Death may ensue on from the 3rd to the 6th day of ill- 
ness, or later It is preceded by an exaggeration of all respiratory 
symptoms, an increase in the prostration, the onset of an active, 
incoordinated delirium, and a progressively intensifying cyanosis 
The mortality rate for experimental swine influenza is something under 
10 per cent 


PATHOLOGY 

Swine naturally or experimentally infected with swine influenza, and 
killed on from the 3rd to the 5th day of illness, show a similar picture 
at autopsy The cervical and bronchial lymph nodes are swollen 
and edematous The trachea contains a white, glassy, tenacious 
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mucous evudatc in from modenlt to copious amounts I here is more 
exudate in the large bronchi, and in the smaller bronchi and bronchioles 
it completelv fills the lumen In the bronchioles it is of firmer con- 
sistency than higher m the respiratorv tract and can frequently be 



He i Dors Asj / ct of I u\c in I xji Swinp Influi \za to Siro^v riir 

1\P1C\L ApIIARWCI and DlSTRinUTlQN or TIU Atfuctvtic 
The IjTTiph nodes it the hilum arc swollen and edematous The sharp clcmarcition 
of the pulmoniry lesions is noteworthy Animal chlorofoimed on the 4lh day of illness 

removed m small, ivhite, scmitr'inslucent, sago like masses I he 
pleurae are usually free of excess fluid or fibrin Ihc lungs present 
very constant and characteristic gross changes as depicted in figures 1 
and 2 The involved part is purplish red in color, depressed, firm and 
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“leathery,” does not crepitate, and is friable in contrast to its usual 
rubber-hke consistency The cut surface is moist and the small 
hronchi exude a thick, glassy, white mucous exudate The gross pic- 
ture IS that of an atelectatic pneumonia, variable both in amount and 
distribution, but limited usually to portions of the apical, cardiac and 



Fig 2 Ventral Aspect oe Same Lung 

azygos lobes and not infrequently involving all five of these The 
adjoining lung tissue is emphysematous, exaggerating the depressed 
appearance of the pneumonic areas 

In fatal cases the postmortem picture is somewhat different There 
is often a sero-sanguineous pleural exudate which sometimes contains 
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fibrin Ihc lungs arc voluminous, hcavv', and mottled purplish-rcd 
in color Onh the apical, azvgos, or cardiac lobes arc consolidated 
Ihus the true pneumonia is limited to the same portions of lung in- 
volved in non-fatal cases '1 he diaphragmatic lobes, which in swine 










tv 






Outside the respiratory tract pathological alterations are variable 
and probably not of great significance The spleen is sometimes 
moderately swollen, the mesenteric lymph nodes are usually edema- 
tous, the gastric mucosa is frequently hyperemic, and the stomach 
empty except for thin, bile-tinged mucus The mucosa of the colon 



Fig 4 Section of Lung teom a Spontaneous Field Case of Swine Influenza Show- 
ing A Bronchus in an Area of CoitPENSATORY Emphysema to Illustrate 
Better the Dense Peribronchial Round Cell Infiltration 
The lumen of the bronchus is packed with leucocytes Animal stunned and bled to 
death Eosm-methylene blue X 75 

often exhibits mildly edematous hyperemic patches overlain by a scant 
catarrhal exudate 

Histopatholog'v The histological alterations in the respiratory 
tracts of swine sacrificed on from the 3rd to 5th day of illness may be 
briefly described as follows 
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'J radical sections show little that appears abnormal 
Lung sections cut in such a waj as to include small bronchi and 
bronchioles, evhibit the following features Jhe small bronchi and 
bronchioles are filled with a poll morphonuclear leucocitic exudate 



Ik 5 Si ction of a Smm.l Bronchus in L\pi rimfntm Swinf Infh;lnz\ SHO\\iNr 

J I LCOC^TIC flRONCHML TxUDVTL, rR\C\irNTH> \NT) V\CUOL\Ti D LpITHFLIUJI 

DrNUDin OF Cilia and Round Cfll Infiltrvtion of thf Submucosa 
1 eucocjtcs h'lve invaded the mucosa Animal chloroformed on the Sih da> follouing 
inoculation I osm mctlijlenc blue X 4‘)0 


(figs 3 and 4) Bacteria arc never numerous in this exudate and fre- 
quenth they are not demonstrable The cilia lining the smaller 
bronchi are either entirely gone or badlj matted together The lining 
epithelium is fragmented, m places partially desquamated, and the 
cj toplasm of many of the cells appears vacuolated (fig 5) In the 
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spaces created by the fragmentation of the lining epithelium, leuco- 
cytes, singly or in clumps, are sometimes seen There is an extensive 
peribronchial round cell infiltration (figs 3 and 4) The areas of lung 
involvement are of lobular distribution and sharply demarcated from 



Fig 6 Section of Lung from a Spontaneous Field Case of Swine Influenza Show - 
iNG Atelfctasis mtth Round Cell Infiltration of the Alveolar Walls, Scant 
Leucocytic Exudate in Some of the Collapsed Alveoli, and Compensatory 
Emphysema 

Animal stunned and bled to death Eosin-methylene blue X 75 

adjacent unmvolved lung by interlobular septa, although a number of 
adjacent lobules may be, and usually are, affected In these areas 
the alveoli are collapsed and frequently contain desquamated epithelial 
cells, small numbers of mononuclear cells and occasionally some coagu- 
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I IG 7 StCTlOh OF LUNC in EnPI KIMl NT-VL Swim iNFLUrNZI SHOWING RoUNT) CEtL 
InFILTKITION of tlVEOLAR W \LIS IN AN Ari A OF Ati LI CTA'H'i 
\nimal chloroformul on trd day following inocuhtion Eo'in methjlene blue 
X 435 


in some areas do not contain accumulations of them When present, 
leucocytes are most abundant m the alveoli opening directly into the 
terminal bronchioles The alveolar vails are wrinkled, thickened, 
and infiltrated with mononuclear cells (fig 7) Dilated capillaries 
in the alveolar walls are packed vitli red blood cells, and widened 
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tymph channels in the interlobular septa are tilled, with coagulated 
lymph and small numbers of cells 

Histological examination of lung sections from fatal cases reveals 
a picture similar to that desenbed for non-fatal cases but modified by 
the presence of an intense edema and congestion 

ETIOLOGY OF SWINE INFLUENZA 

In View of the economic importance of swine influenza, it had been 
surprisingly little investigated at the time Dr Paul Lewis and I began 
our studies Several organisms had been suspected as responsible 
(4, 5, and 6) but the results obtained in attempting to infect swine 
with them were not convincing In addition to the confusion regard- 
ing its etiology, the opinions of veterinarians and farmers m the middle 
west that the disease represented pandemic human influenza surviving 
as an infection of swine made the problem one of broad interest, since 
it seemed possible that anything we learned concerning the etiology 
of swine influenza might later prove applicable to the human disease 

A heinoglobinop/iihc bade) mm m sutne wfluoiza Our studies were 
begun m November of 1928 Infectious material in the form of 
bronchial exudate and pneumonic lung was obtained from swine m 
eastern Iowa where an epizootic of swine influenza was then in prog- 
ress Two strains of the disease were established in our experimental 
swine and maintained by serial passage at 4- or 5-day intervals The 
respiratory tracts of all experimental animals were studied bacterio- 
logically at autopsy An organism similar to Pfeiffer’s H injltie)izae 
was obtained in pure culture from both first passage swine inoculated 
with each of the strains The same bacterium was isolated thereafter 
from all swine infected in later passages, with either strain of the 
disease, provided they came to autopsy within 7 days following the 
onset of fever Frequently no organism other than this influenza- 
hke bacillus could be recovered from the lungs or the bronchial exudate 
of infected animals Here then in swine influenza was an organism 
like that believed by many to be responsible for influenza in man 
The problem of determining the etiolog}'^ of swine influenza seemed 
absurdly simple m the beginning for while the bacillus, which we 
named Hemophihis tnflnenzae sms (7), was not easy to cultivate, it 
could always be isolated from cases of the experimental disease by 
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appropriate methods The very difficulties encountered in its isola- 
tion and its fastidious requirements of particular media upon whicli it 
could be grown seemed to emphasize its importance In addition, 
there were numerous cases in which it was the only organism that 
could be isolated, in these there was no choice but to consider it of 
etiological importance, unless wc wished entirely to deny it a r61c in 
Uic disease 

It was, of course, obvious that if the organism were actually the 
cause of swine influenza it should fulfill Koch’s postulates The first 
pig inoculated mtranasally with what wc believed to be a pure culture 
became ill The lesions produced were similar to those of swine influ- 
enza, and tlie organism was recovered in pure culture from the respir- 
atory tract The problem seemed simpler than ever and wc were 
by now convinced that H influenzae sins was the agent responsible 

When wc repeated the experiment in a second pig, however, we 
failed to obtain an infection The animal remained perfectly normal 
and no lesions suggestive of influenza w ere to be seen when it was killed 
after a penod of observation Four other pigs inoculated intra- 
nasally with pure cultures of the organism likewise remained normal 
and wc began to doubt the first experiment and the correctness of the 
view that B influenzae sms caused swine influenza Even now, there 
IS no certain explanation of that first positive experiment, provided 
indeed the animal actually had influenza as was believed at the time 
Since the first expenment was performed with a culture that had 
been transferred only four times on artificial media, we considered for 
awhile the possibility that we were dealing with a bactenum that very 
rapidly lost its virulence under cultivation and tned vanous means 
to restore its hypothetical pathogcmcity These were unsuccessful 
and, because our strains of the disease maintained by continuous senal 
passage in swme were finally lost, work for the year was discontinued 
The following year the swine influenza epizootic in Iowa was less 
severe and extensive than that of 1928 Four strains of infectious 
matenal were obtained and transmitted to our expenmental swine 
Again B influenzae sms was regularly encountered in animals ill of 
the expenmental disease In addition, the organism was cultivated 
from six field cases in 5 different herds Freshly isolated pure cultures 
were again found harmless for swine of proven susceptibility The 
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1929 strains of the disease could not be maintained for long by senal 
passage and only about one month’s work was possible 

In 1930 two new strains of swine influenza were obtained in Iowa 
These proved readily transmissible and again H tnfluenzae sms was 
the predominant or only organism that could be cultivated, but all 
efforts to produce the disease with these new cultures were unsuccessful 
A fiUrable virus in swine influenza A few attempts to infect swine 
by administering bacteriologically sterile Berkefeld filtrates of known 
infectious material intranasally had been made during the first year’s 
work No illness remotely resembling swine influenza had resulted 
and the experiments were considered negative By 1930 when H 
influenzae suis had failed so miserably to fulfill the requirements of an 
etiological agent, we were again ready to consider the question of a 
virus etiology in swine influenza 

Swine were inoculated intranasally with Berkefeld V or N filtrates 
of known infectious lung and bronchial exudate suspensions and autop- 
sied in 4 or 5 days Of 10 expenments, 3 were interpreted as negative, 
while in the remaining 7 some evidence was obtained that the injected 
filtrate had contained an infectious agent The illness induced by 
this filtrable agent, however, was definitely not swine influenza and 
wiU be referred to hereafter as “filtrate disease” (8) 

Clinically the filtrate disease is much milder than swine influenza 
Sometimes it is so ill-defined that infections are difficult to recogmze 
In most cases there is no elevation of temperature, while m a few a 
fever for one day is observed This is at marked vanance with the 
4 to 6-day fevers seen in typical swine influenza The usual symptoms 
shown by filtrate-inoculated swine are a moderate and transient apa- 
thy, some diminution in appetite for a period not exceeding 3 days, 
occasionally a slight cough, and, as in swine influenza, a moderate or 
marked leucopema The extreme prostration so common in swine 
influenza is not seen 

The lesions are slight as compared with the 4 and 5-lobe pneumonias 
of swine influenza The lungs show only a scant, scattered, patchy, 
lobular atelectasis involving as a rule not more than small portions 
of 1 or 2 lobes 

Histologically the bronchial epithelium is found to be damaged, 
there is a heavy peribronchial cuffing with round cells and the alveolar 
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walls arc wnnklcd, thickened and infiltrated by round cells The 
collapsed alveoli are usually free of cells and, in contrast to siiine 
influenza, no leucocj’tes arc present, as a rule, in the lumen of bronchi 
or in the aveoli of involved areas of lung 

The filtrate disease proved transmissible in senes and passage did 
not modify its character, thus indicating that its mild nature had not 
been due to dilution of the inciting agent during filtration Turther- 
morc, it proved highly contagious 

The filtration evpenments indicated that infectious matenal from 
expcnmcntal cases of swine influenza contained an agent capable of 
passage through Berkcfeld V or N filters and possessing slight but 
definite pathogenic properties for swine when administered intra- 
nasally Subsequent investigation has shown that this agent pos- 
sesses all the properties requisite for its classification as a filtrable 
virus (8) 

II tiiflueiKae stns, while constantly encountered in cultures from 
animals with typical influenza, was not present in those suffering the 
filtrate disease, not infrequently their respiratory tracts proved bac- 
tenologically sterile 

Following the establishment of the presence of a filtrable virus m 
sivine influenza, the situation, as to the etiology of the disease itself, 
became even more confused than it had been when H tnjluenzac sms 
was suspected Here, instead of one agent that could be looked upon 
as of possible etiological importance, were two such agents The 
organism could not be completely ignored, for, while it was apparently 
perfectly harmless for swine, its constant presence in so many samples 
of infectious matenal from the field and its persistence on senal passage 
through expenmental swine kept attention focused upon it Neither 
could the filtrable virus be accepted whole-heartedly as the cause of 
the disease because, while it unquestionably possessed pathogenic 
properties for swine, the mild illness that it caused was certainly not 
swine influenza The dilemma was perplexing Considered in the 
light of views current that an infectious disease was caused by a 
single agent, we had reached the point in our expenments where it 
appeared that we had one too many under suspicion Tor awhile it 
seemed essential to choose between the two It may be pointed out 
that this situation was not unique to our problem for years, investi- 
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Effect of tnociila 
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1 
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861 
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gators of human influenza had been trying to decide between Pfeiffer's 
bacillus and a filtrable virus (hypothetical at the time) as the cause 
of that disease 

A complex etiology in swine influenza There was one possibility 
which, if true, would explain the observations, perhaps swine influenza 
was a disease of complex etiology and both the organism and the virus 
were essential to its causation This was tested experimentally by 
inoculatmg a pig intranasally with a mixture of H influenzae suis and 
the virus It came down with swine influenza Further expenments 
were carried out and in these the effect of the virus alone and the 
organism alone were carefully controlled The results of 5 such 
eiqDeriments are outlined in table 1 

As shown in table 1, all eight of the swine infected by inoculation 
with Berkefeld filtered infectious matenal or by contact with filtrate- 
infected swine developed only the mild filtrate disease In some in- 
stances it was so slight as almost to escape recognition None of the 
animals exhibited a febrile reaction Those coming to autopsy showed 
the scant scattered areas of pulmonary atelectasis charactenstic of 
the filtrate disease 

The swine which were inoculated intranasally with pure cultures of 
E influenzae sms were completely negative both clinically and at 
autopsy 

All the swine which received mixtures of the virus and H influenzae 
suis developed a disease that was typical of swine influenza both 
clinically and at autopsy Of the seven hogs infected either by direct 
inoculation with the virus-bactenum mixture or by contact with swine 
so infected, three developed a disease that was of about the same 
seventy as that shown by the control animals inoculated with unfil- 
tered infectious material Two others had a mild influenza but the 
disease which developed in their control was also atypically mild 
The remaining two swine came down with an influenza of very severe 
type which exceeded that developed by their controls These experi- 
ments are interpreted to indicate that swine influenza is caused by the 
concerted action of a filtrable virus and H influenzae suis The di- 
lemma of too many etiological agents was thus finally solved by accept- 
ing both as essential 

The mechanism by which the two agents act in concert to cause 
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influenza is unknown, although several possibilities arc apparent It 
may be that tlic pathogenic activities of the virus arc sucli as to create 
a portal of entr)’ for II injiuenzac sms, and to furnish a favorable 
medium in whidi it can multiply There can be little doubt that, 
in the presence of swine influenza virus, the organism possesses inva- 
sne powers which it completely lacks when administered alone A 
second possibility is tliat the virus is the important component in 
contributing to the pathology and perhaps also to the symptoms char- 
actenzing the clinical picture and that the organism, acting in the 
fashion of Reynals’ factor (9), enhances to a marked degree the patho- 
genic properties of the virus, and hence the seventy of the resulting 
disease A third possibility , and one rendered very likely from con- 
sideration of the qualitative and quantitative differences between the 
pathology of the filtrate disease and swine influenza, is that the actnn- 
ties of both the virus and the organism are influenced by the concomi- 
tant presence of the other agent in the respiratory tract and that both 
actually contnbute to the lesions of swine influenza 
The question of whether any bactenum other than 21 i nflucusae sms 
can play a pnmary etiological r61e m swine influenza has not been 
exhaustively studied However, m numerous infections of swine with 
virus alone none of the organisms comprising the normal respiratory 
tract flora has been capable of acting with the virus to cause the dis- 
ease Furthermore, the constant presence of II influenzae sins m 
experimental infections induced by 10 strains of swine influenza col- 
lected m the autumns of five different years seems sufficient to indicate 
that, if not the only bactenum able to complete the etiological com- 
plex, it IS at least the predominating one for the regions from which 
our infectious matenal has been obtained 

A PILTRABLE VIRUS IN HUMAN JNELUENZA 

In 1933 Smith, Andrewes, and Laidlaw (10) transmitted a disease 
to ferrets by inoculating mtranasally filtrates of pharyngeal washings 
from cases of epidemic influenza in man The ferret disease proved 
to be senally transmissible, and was charactenzed by a 2-day incuba- 
tion penod, a diphasic temperature response, symptoms of nasal 
catarrh and variable systemic disturbances The mucous membranes 
of the nasal passages of ferrets killed during the first or second febrile 
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periods were acutely inflamed Histological examination revealed 
vascular congestion, dilated lymph channels, numerous leucocytes, 
and complete disappearance of ciliated cells The causative agent 
possessed the properties of a filtrable virus In their original work. 
Smith, Andrewes, and Laidlaw recovered the virus from the throat 
washings of 5 of 8 cases tested and failed to recover it from 4 subjects 
not suffering from influenza Sera obtained from either recovered 
ferrets or from patients after an attack of influenza neutralized the 
virus All the evidence first presented and that obtained later points 
to the etiological importance of this virus in the disease A labora- 
tory animal for use in studymg human influenza was thus, after so 
many years, at hand 

Smith, Andrewes, and Laidlaw also found that swine influenza virus 
was infectious for ferrets and in them produced an illness similar to 
that caused by the virus of human ongin 

The susceptibility of ferrets to swine influenza virus was easily 
confirmed However, because difficulty was encountered in adminis- 
tering infectious suspensions intranasally some of my animals were 
lightly ethenzed prior to moculation (11) Ferrets infected in this 
way developed a more severe illness than that described by the English 
investigators, exhibiting an extensive bloody, edematous, lobar pneu- 
monia when autopsied on the 4th or 5th day after infection The 
pneumonia sometimes terminated fatally In contrast to influenza 
in swine, the ferret disease was not modified in character when cul- 
tures of H tnfluenzae silts were inoculated together with the virus 

In 1934, Francis recovered a virus from cases of epidemic influenza 
in Puerto Rico (12) In its earlier passages, this virus produced a 
disease in ferrets similar in all respects to that descnbed for the English 
virus Francis thus confirmed the observations of Smith, Andrewes, 
and Laidlaw that a filtrable, infectious agent could be transferred 
from human cases of epidemic influenza to ferrets Furthermore, 
Francis found that after several passages in ferrets anesthetized at 
the time of inoculation, his virus produced pneumomas similar to those 
seen in ferrets inoculated in this way with swine virus He pointed 
out that this suggested adaptation of the human virus to the ferret 
Similar passage of the English strain has since resulted in its also 
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acquinng the abihtj to produce pulmonarj’ consolidation (13) It 
IS thus apparent, as Francis indicated, that ferret-adapted human 
influenza virus possesses pathogenic properties for ferrets like those 
shown from the beginning by swine influenza virus 

THE INFECTION OF MICE WITH INFLUENZA VIRUb 

Andrewes, Laidlaw, and Smith (14), and Francis (12) discovered 
independently that the human influenza virus could be transmitted 
to white mice after preliminarj passage in ferrets 

Mice inoculated intranasally, while ctlicnzed, w ith a mouse-adapted 
virus, usually showed s>mptoms within 24 to 48 hours I heir coats 
appeared stanng, tliey became less active, lost their appetites and 
remained huddled together in a comer of Uieir cage Later the illness 
was cliaractenzed bj exaggerated respiratory movements, definitely 
slower than those of normal mice Some of the animals died as early 
as the 3rd or 4th day of their illness The mortality from a heavy 
dose of \arus approaclicd 100 per cent At postmortem tlie only 
constant changes W’erc in the lungs These w ere deep red and almost 
airless except for small cmph> sematous areas at the periphery In 
mice that died all lobes were usually consolidated, while in those killed 
carlj in their disease various degrees of lung involvement were seen 

The virus of swine influenza also proved pathogenic for mice and 
produced a disease m this species w'hich w as indistinguishable clinically 
or pathologically from that caused by the human agent (14) There 
was, however, one important difference As mentioned above, the 
human virus required a preliminary period of adaptation m the ferret 
before it could be transferred to mice (15) The swine virus, on the 
other hand, could be transmitted directly from swine to mice ivithout 
intervening ferret passage (16) Like the disease in ferrets, that in 
mice was not modified when H tnjluenzae sms was administered to- 
gether with the virus 

The discovery of the susceptibility of the mouse to the viruses of 
human and swine influenza has made possible experimental work that 
w as not feasible when it was necessary to use the more expensive fer- 
rets or swine Iilice have proven especially useful in studying the 
immunology of the influenza viruses 
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IMMUNOLOGICAL RELATIONSHIP BETIVEEN THE VIRUSES OP HUMAN 

AND SWINE INPLUENZA 

To date, strains of the human influenza virus obtained from four 
such viddely separated localities as London (10), Puerto Rico (12), 
Philadelphia (17), and Melbourne (18) have been studied immuno- 
logically and found to be identical so far as could be determined (15, 
17 and 18) Likewise, strains of swine influenza virus obtained in 
three different epizootic periods have proved immunologically the 
same (19) Since the character of the disease produced by the human 
and swine viruses in ferrets and mice was similar, the question of 
the antigenic relationship between the two agents arose Smith, 
Andrewes, and Laidlaw (13) found that ferrets recovered from infec- 
tion with either human or swine virus were usually immune to the 
other However, though each virus was neutralized by admixture 
with homologous ferret immune serum, neutralization was mconstant 
if the heterologous serum was used Thus, of 4 human virus-immune 
ferret sera tested against swine virus in ferrets, 2 failed to neutralize, 
1 neutralized and the 4th neutralized in one test but failed m another 
Of 3 swine virus-immune ferret sera, 1 neutralized human virus while 
the others failed 

Francis and I obtained similar results We found that mice re- 
covered from infection with either virus were immune to the other (16) 
However, the sera of animals recovered from mfection with the one 
virus, though capable of neutralizing it, exerted little, if any, demon- 
strable protection against the other Hypeiimmunization of animals, 
especially to the human virus, tended to increase the heterologous 
neutralizing activity of their sera (20) The conclusion reached was 
that the viruses were related but not identical 

ANTIBODIES TO HUMAN AND SWINE INPLUENZA VIRUS IN HUMAN SERA 

Smith, Andrewes, and Laidlaw (13) showed that the sera of persons 
convalescent from influenza neutralized the human virus Francis 
and Magill (21) demonstrated that these antibodies actually develop 
during an attack of the disease Sera of 3 persons, bled during the 
acute stage of influenza, failed to neutralize human influenza virus, 
whereas, that obtained during their convalescence and again 6 months 
later did neutralize it The presence of antibodies against the human 
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\nrus in the bcrum of an indiviclual appears, therefore, to be an e\pres- 
sion of a prcaaous infection with that \irus 
Andrew es informed me in a personal communication that he and his 
co-workers liad found antibodies ncutralinng swine virus in high titer 
m the serum of a human adult and that they proposed further studies 
to determine how frequentK such antibodies might be eneountered 
About tins time Francis and Magill were undertaking a stud\ of the 
neutralizing antibodies for human airus in sera from indieiduals of 
\anous ages and it seemed opportune in Mew of Andrew cs informa- 
tion, to study this same group of sera for their abiliU to neiitrabze- 
swine virus \\t knew from expenence with the sera of animals 
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recovered from infection with either varus that the antibodies de- 
veloped were quite specific for each tvpe of agent (20) It seemed 
hkelv therefore that if antibodies neutralizing swine virus were 
present in human sera thev could be detected independentlv of those 
effective against the human varus 

The results of the experiments conducted in England and in this 
countrv were in close agreement, as shown in table 2 

Andrew cs, Laidlaw and Smith (15), arranging their cases in age 
groups, found that the sera from 62 per cent of the individuals ov er 
20 vears sigmficantlv neutralized the human varus 100 per cent neu- 
tralized the swine varus In the age group 15 to 19 v'ears, 77 per cent 
neutralized human varus, while here again 100 per cent neutralized 



474 


RICHARD E SHOPE 


swme \arus In the age group 10 to 14 years, 42 per cent neutralized 
human virus, and those neutralizing swine virus had fallen to 44 per 
cent In the group of children under 10 years, 33 per cent neutralized 
human virus but not a single serum from this group neutralized swine 
virus They remarked on the striking fact that, while neutralizing 
antibodies for svnne influenza virus were present in the sera of all 
individuals 15 years of age or older, they were completely absent in 
the sera from children under 10 years of age 

When Francis and Magill’s results (22) and my own (23) were con- 
sidered in age groups similar to those used by the English workers, 
it was found that the sera from 48 per cent of the individuals over 
20 years of age completely neutralized the human virus, 92 per cent 
neutralized the swine virus In the age group 10 to 19 years, 58 per 
cent neutralized human virus, while 63 per cent neutralized swine virus 
In the group of children under age 10, but not including new-born 
infants, 49 per cent neutralized human virus while only 11 per cent 
neutralized swine virus The age at which neutralizing antibodies 
for swme influenza virus were first regularly encountered in our experi- 
ments was 12 )^ears, as compared with 10 years m the English experi- 
ments The contrast m the ability of adults’ sera and that from chil- 
dren to neutralize the swine virus was, however, almost as striking as 
that shown by the results of Andrewes, Laidlaw, and Smith In our 
experiments serum from only 4 of 31 of those under 12 years of age 
completely neutralized the swme virus, whereas that from only 6 of 
81 of those 12 years of age or older failed to do so 

As already mentioned, the presence of antibodies for the human 
influenza virus is probably an expression of a previous infection with 
that virus An interpretation of the significance of antibodies for 
swme influenza virus in human sera, however, is more difficult because 
no strain of influenza virus immunologically identical with the one 
obtained from swme has been recovered from man The question 
will be considered more fully later 

THE SUSCEPTIBILITY OP SWINE TO THE VIRUS OP HUMAN INPLUENZA 

Because the pathogenic activities of human and swme influenza 
virus were similar in ferrets, Elkeles was led to attempt the trans- 
mission of the human agent to swme (24) He succeeded in producing 
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a mild illness in ecn >oiing pigs inoculated intranasallv under light 
ether narcosis At autopse these 'inimals sometimes showed seattcred 
dark red broncho pneumonic areas of eonsohdation in the upper lobes 
of the lung When cultures ot either the human or swine influenza 
bacillus were added to the virus at the time of its idministration, the 
swine dee eloped a more see ere illness 1 he clinical picture evas chai 
acterized bv a low grade feeer apatlie anel loss of appetite At 
autopsj eareing degrees of bronchopneumonia eeere encountered 
\irus pathogenic for ferrets could be rccoeered from the pneiimonie 
lungs It thus ippeared that 1 Ikeles had produced a disease some- 
what resembling swine influen/e in pigs b\ the administration of 
human virus mixed with influen/a bacilli of either human or swine 
origin 

Francis anel I were able to confirm Llkeles’ obserx ition that swine 
are susceptible to human infliicn/a xirus (19) Unlike Ulkeles, liow- 
e\cr, we did not find it necessan to use xer\ xoung pigs, nor to anes- 
thetize our anim ds in order to induce infections, although more exten- 
sixe pulmonarx lesions resulted in swine inoculated while under ether 

I he human virus administered intranasalh causes a disease in swanc 
that IS indistinguishable chmcalh and pathologicalU from the mild 
illness induced b\ the swine virus alone When small amounts of the 
organism // nijliicnznc sms are administered with the human virus a 
more prostriting febrile illness usualh results Fins is similar to 
swine influenza although nexer so severe At autopsy the pneumonia 
encountered is of the same character as that seen in swine influenza 
but much less extensive, seldom are more than two lobes affected 
(figs 8 and 9) Involved ireas of lung show the same histological 
features encountered in swine influenza I he lumen of the bronchi 
are filled with leucoex tes (fig 10), and the bronchial epithelium is 
fragmented, vacuolated, and denuded of cilia (fig 11) Fhcre is an 
extensive peribronchial round cell infiltration (fig 10) Ihe alveolar 
walls arc folded, thickened, and infiltrated with mononuclear cells 
(fig 12), and the alveoli themsclx'es contain small numbers of red blood 
cells and leucocytes 1 he disease caused in swane by the human virus 
and II inllnettzac suts can best be characterized as a mild swine influ- 
enza similar qualitatively but differing quantitatively from the typical 
disease occurring naturally in this species 
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Fig 8 Dorsal Aspect of Lung of Swine Inspected with Mixture of P R 8 Strain 
Human Influenza Virus and H influenzae suis 
There is an atelectatic pneumonia of the right cardiac lobe Animal chloroformed on 
3rd day of illness 

Of further interest was the observation that not all pigs inoculated 
with the human virus and the swine bacterium developed a more severe 
illness than that caused by the virus alone Some exhibited symptoms 
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and pulmonan lesions like those seen in the filtrate disease and in 
these it could be show n that II influenzae sms had failed to become 



Fig 9 VrNxRAL \spect of Same Lung 

The pneumoni'i mvoUes all of the nght cardiac lobe and lobular areas of the azygos 
and upper portion of the nght diaphragmatic lobes 

established with the virus Instances of this nature have never been 
^^countered m swme inoculated with swme influenza virus and 
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E ivfluenzae sms The facts would lead one to conclude that, m 
swine, the human virus possesses less invasive power than does the 
swine \nrus Furthermore, the human virus seems to be inherently 
less capable of acting synergistically with a second organism than is 
swine influenza virus 

Since one of the characteristic features of swine influenza is its 
extreme contagiousness, we endeavored to determine whether the 



Fig 10 Section of Long of a Swine Infected with jMixtdre of P R 8 Strain 
Human Intluenza Virus and H influenzal suis 
The small bronchi contain a leucocytic exudate, there is a dense peribronchial round 
cell infiltration, the walls of the surrounding alveoli are infiltrated with round cells, and 
leucocytes may be seen in some of the alveoli Animal stunned and bled to death on 3rd 
day following inoculation Phloxine-methylene blue X 34 

human virus was also highly communicable in swine We found that 
it was not, and that it thus differed significantly in this respect from 
swine influenza virus However, the human virus could be trans- 
mitted serially in swine by mtranasal inoculation of swine of each suc- 
ceeding passage with virus derived from the lung of the infected animal 
of the preceding passage The pathogenic properties of virus trans- 
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Ik II SierioN or \Smmi Hkoscius in I unc of a Swini Infi ctvd with Mixturi 
OF P u 8 StKMN IltMVN iNFttlNZX VlPUS Wl) H INHUrSFU SUIS bllOWlNC 
1 FU(OC\TlC BrovCKML I MWiTP rRXCMrNTIO IVD VaCUOI m D I PmiLUUAf Dt 
NADU) OF ClIU \ND UoiND Cl U ItHLTFATION OF THF SURMUCOSX 
Icucocjics Inve uu'ided the mucosa Animal chloroformed on 3rd da\ following 
inocuhlion I’hloxine mcth>lenc Wut X 308 




Fig 12 Section or Lung of a Sivine Infected with P R 8 Strain Human Influenza 
I^ iRUS Showing Round Cell Infiltration of the Alveolar IValls in an 

Area of Atelectasis 

Animal chloroformed on 3rd day following inoculation Phloxme-methylene blue 

X 308 
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mittcd in tins nay for 5 serial passages were not altered for either 
swine or mice, that is, there was no evidence of further adaptation of 
the virus to sw me Also its immunological identity remained intact 

DISCDSSION 

The facts brought out by recent studies of swine and human influ- 
enza have been presented I should like now to discuss these in an 
effort to point out the possible relationship between the two diseases 
and to indicate what knowledge, gained by study of swine influenza, 
may be applicable to the human disease 

As was stated earlier, man> middle western vetennanans and 
farmers were, in 1918, impressed bj' the similanty between hog flu and 
the influenza then prevalent in man and suspected that the two 
conditions might be causally related Two facts, brought to light 
early m our cxpenmcntal work, suggested that these popular suspicions 
might be correct The first had to do with the presence of a leucopenia 
m swine influenza The second concerned the similarity of the pre- 
dominant bacterium encountered m swine influenza to that long 
believed to be the cause or one of the causes of human influenza The 
observation that a filtrablc virus was etiologically essential in swine 
influenza, on the otlicr hand, w as predicted by no advance information 
concerning the human disease and it was not until Smith, Andrewes, 
and Laidlaw recovered a virus from cases of influenza in man that a 
human agent was available for comparison 

The results of this comparison have been given earlier but require 
further discussion The nruses from both swine and man were found 
to be pathogenic for ferrets, although the human agent possessed less 
initial pathogenicity for this species than that from swine Ethenza- 
tion of ferrets at the time of inoculation enhanced the pneumonia- 
producing activity of each virus Both viruses proved fatally 
pathogenic for wlute mice except that here a preliminary period of 
adaptation in the ferret was required for the human but not for the 
swine virus It seems likely that these imtial differences m the patho- 
genic activities of the two agents may be those due to “fixation” by 
prolonged sojourn m a foreign host, since passage of human influenza 
Mrus through ferrets alters it in such a way that it becomes more like 
the swine influenza virus and less like the one ongmally obtained from 
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Fig 12 Section or Lung of a Swine Infected with P R 8 Strain Human Influenza 
Virus Showing Round Cell Infiltration of the Alveolar Walls in an 

Area or Atelectasis 

Animal chloroformed on 3rd day follomng inoculation Phloxme-methylene blue 
X 308 
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nutted m this Ma> for 5 serial passages were not altered for cither 
swine or mice, that is, there was no evidence of further adaptation of 
the \arus to swine Also its immunological identity remained intact 

DISCUSSION 

The facts brought out by recent studies of swine and human influ- 
enza have been presented I should like now to discuss these in an 
effort to point out the possible relationship between the two diseases 
and to indicate what knowledge, gained by study of swine influenza, 
may be applicable to the human disease 

As was stated earlier, many middle western vetennarians and 
farmers were, in 1918, impressed by the similarity between hog flu and 
the influenza then prevalent in man and suspected that the two 
conditions might be causally related Two facts, brought to light 
early in our cApcnmental work, suggested that these popular suspicions 
might be correct The first had to do with tlic presence of a leucopenia 
in swine influenza The second concerned the similarity of the pre- 
dominant bactenum encountered m swine influenza to that long 
believed to be the cause or one of the causes of human influenza The 
observation that a filtrable wrus was etiologically essential in swine 
influenza, on the other hand, w as predicted by no advance information 
concerning the human disease and it was not until Smith, Andrewes, 
and Laidlaw recovered a virus from cases of influenza in man that a 
human agent was available for companson 

The results of this companson have been given earlier but require 
further discussion The viruses from both sw me and man were found 
to be pathogenic for ferrets, although the human agent possessed less 
initial pathogenicity for this species than that from swine Ethenza- 
tion of ferrets at the time of inoculation enhanced the pneumonia- 
produemg actmt)' of each virus Both viruses proved fatally 
pathogenic for white mice except that here a preliminary penod of 
adaptation in the ferret was required for the human but not for the 
swine virus It seems likely that these initial differences in the patho- 
genic activities of the two agents may be those due to “fixation” by 
prolonged sojourn in a foreign host, since passage of human influenza 
virus through ferrets alters it in such a way that it becomes more like 
the swine influenza virus and less like the one originally obtained from 
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man ^ Human influenza virus, fuUy adapted to the ferret, produces 
a clinical and pathological picture in ferrets and mice that is mdis- 
tinguishable from that caused in these animals by swine virus 

But the similarity does not end here, the two agents are immuno- 
logically related Ferrets, mice, or swine recovered from infection 
with one virus are usually solidly immune to the other However, 
the sera of such immune animals, although neutralizing the homol- 
ogous virus perfectly, exert as a rule little or no neutralizing action 
against the heterologous virus 

The above facts demonstrate that the viruses from man and swine, 
while undoubtedly possessing some antigenic elements in common 
and producing similar disease manifestations in ferrets and mice, are 
not identical and can be distinguished from each other immunologi- 
cally So far as they go, these data indicate that the swine virus is 
specific for swine, and that it is different from the one currently preva- 
lent in man 

However, when the sera from human beings were tested for their 
ability to neutrahze the human and swine influenza viruses the results 
were such as again to focus attention on the possibility that the swine 
virus had at some time in the past been a human pathogen It was 
found, as expected, that sera from many people of all ages neutralized 
the human virus It was surprising though to discover that sera from 
most adults also neutralized the swine virus We knew from experi- 
ence with sera of animals immune to either the human or swine agent 
that the neutralization test was quite accurate in denotmg the type 
involved in previous infections There was no reason for supposing 
that, with human sera, it would be less exact in indicating the type of 
virus causing previous infections in man The one disturbing possi- 
bility was that in man, as in the case of some animals (20), repeated 
exposures to human virus might result in the establishment of anti- 
bodies effective against both viruses Companson of duplicate tests 
against the two types demonstrated clearly that antibodies neutralizing 
swine virus were frequently present in human sera that failed to neu- 
tralize human virus In these it was evident that the neutralizing 
antibodies for swine influenza virus had not resulted from previous 
infections wuth human virus It seemed most probable that their 
presence indicated a past infection with a virus having an antigenic 
rirvcitinn to that of swme influenza 
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It IS apparent from tliesc findings that human sera contain neutraliz- 
ing antibodies for at least tr\o immunologically distinct tjpes of 
influenza virus One is the current human virus of Smith, Andrew es, 
and Laidlaw know n to be wadelj prcv alent in man at the present time 
Ihc other, of an antigenic composition similar to swine influenza virus, 
IS unknown and has never been detected in man It has, however, 
left ample evidence of its past widespread prevalence in the form of 
neutralizing antibodies in the sera of almost all adult human beings 
That it is no longer wideh evistent m the human population is indi- 
cated not only by the failure of investigators to recover it from cases 
of influenza dunng the past two years, but by the almost complete 
absence of antibodies specific for it in the sera of children under 10 
years of age Unless one wishes to ascribe a non-specific character to 
the swine virus-neutralizing antibodies in human sera, the conclusion 
tliat this unknown human virus was indeed swine influenza virus, or a 
closely related agent, is inescapable 

Howev'cr, there is no direct evidence tliat the swine mfluenza virus, 
as we know it todaj, is capable of infecting man Indeed, indirect 
evidence indicates that it docs not infect man because, while swine 
influenza has occurred annually since 1918, our serological evidence 
suggests that the human prototype of swine influenza virus ceased 
infecting man generally at least ten years ago 

The most apparent interpretation of these findmgs is that the swine 
virus represents a surviving form of an extinct or temporarily quies- 
cent human influenza virus and that it has become so “fixed” in swine 
as to be no longer pathogenic for human beings If this is the case, 
when the histoiy that swine mfluenza appeared for the first tune in 
1918 serves to date the time of prevalence of this vanished human 
virus It is believed that the expenmental and histoncal facts are 
best explained by the tlieorj that swine influenza virus represents a 
surviving form of that pandemic in man in 1918, as already suggested 
b> Laidlaw (25), and that it has not had its immunological identity 
detectably altered by its prolonged sojourn in hogs On this basis, 
the presence in human sera of antibodies neutralizing swane virus w-ould 
be considered to indicate that the donors of these sera had undergone 
an immunizing exposure to, or infection with, an influenza virus of 
the 1918 pandemic type 

There can be little doubt that recent human influenza of the type 
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man ^ Human influenza virus, fuUy adapted to the ferret, produces 
a clinical and pathological picture in ferrets and mice that is indis- 
tinguishable from that caused m these animals by swine virus 

But the similarity does not end here, the two agents are immuno- 
logically related Ferrets, mice, or swine recovered from infection 
with one virus are usually solidly immune to the other However, 
the sera of such immune animals, although neutralizing the homol- 
ogous virus perfectly, exert as a rule little or no neutralizmg action 
against the heterologous virus. 

The above facts demonstrate that the viruses from man and swine, 
while undoubtedly possessing some antigenic elements in common 
and producing similar disease manifestations in ferrets and mice, are 
not identical and can be distinguished from each other immunologi- 
cally So far as they go, these data indicate that the swine virus is 
specific for swine, and that it is different from the one currently preva- 
lent in man 

However, when the sera from human beings were tested for their 
ability to neutralize the human and swine influenza viruses the results 
were such as again to focus attention on the possibility that the swine 
virus had at some time in the past been a human pathogen It was 
found, as expected, that sera from many people of all ages neutralized 
the human virus It w^as surprising though to discover that sera from 
most adults also neutralized the swine virus We knew from experi- 
ence with sera of animals immune to either the human or swine agent 
that the neutralization test was quite accurate in denoting the type 
involved in previous infections There was no reason for supposmg 
that, with human sera, it would be less exact in indicating the type of 
virus causing previous infections in man The one disturbing possi- 
bility was that in man, as in the case of some animals (20), repeated 
exposures to human virus might result in the establishment of anti- 
bodies effective against both viruses Comparison of duplicate tests 
against the two types demonstrated clearly that antibodies neutralizmg 
swine virus were frequently present m human sera that failed to neu- 
tralize human virus In these it was evident that the neutralizing 
antibodies for swine influenza virus had not resulted from previous 
infections wnth human virus It seemed most probable that their 
presence indicated a past infection wnth a virus having an antigenic 
composition similar to that of swme influenza 
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It IS apparent from these findings that human sera contain neutraliz- 
ing antibodies for at least two immunologically distinct tj-pcs of 
influenza virus One is the current human virus of Smith, Andrew cs, 
and Laidlaw' known to be widelj prevalent in man at the present time 
The other, of an antigenic composition similar to swme influenza virus, 
IS unknown and has never been detected in man It has, however, 
left ample evidence of its past widespread prevalence in tlie form of 
neutralizing antibodies in the sera of almost all adult human beings 
That It IS no longer w idcly existent in the human population is indi- 
cated not only by the failure of investigators to recover it from cases 
of influenza during tlie past two years, but by the almost complete 
absence of antibodies specific for it in the sera of children under 10 
> cars of age Unless one wishes to ascribe a non-specific character to 
the swnne virus-ncutrahzing antibodies in human sera, the conclusion 
that this unknown human virus was indeed swine influenza virus, or a 
closely related agent, is inescapable 
Howcv'cr, there is no direct evidence that the swine influenza virus, 
as we know it today, is capable of infecting man Indeed, indirect 
evidence indicates that it docs not infect man because, while swine 
influenza has occurred annually since 1918, our serological evidence 
suggests that the human prototype of swine influenza virus ceased 
infecting man generally at least ten years ago 
The most apparent interpretation of these findings is that tlie swine 
virus represents a surviving form of an extinct or temporarily quies- 
cent human influenza virus and that it has become so “fixed” in swine 
as to be no longer pathogenic for human beings If this is the case, 
when the history that swine influenza appeared for the first time in 
1918 serves to date the time of prevalence of this vanished human 
virus It IS believed tliat the experimental and historical facts are 
best explained by the theory that swine influenza virus represents a 
surviving form of tliat pandemic in man in 1918, as already suggested 
b> Laidlaw (25), and that it has not had its immunological identity 
detectably altered by its prolonged sojourn in hogs On this basis, 
the presence in human sera of antibodies neutralizing swine virus would 
be considered to indicate that the donors of these sera had undergone 
an immunizing exposure to, or infection with, an influenza virus of 
the 1918 pandemic type 

There can be little doubt that recent human influenza of the type 
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from which Smith, Andrewes, and Laidlaw and Francis recovered 
their viruses is a benign ailment compared to that rampant in 1918 
It rmght be expected that this difference would be apparent in the 
character of the disease produced by the two viruses in expenmental 
animals, assuming the swine virus to be representative of the 1918 
human type So far as ferrets and mice are concerned, it is doubtful 
whether even an experienced observer could certainly differentiate by 
clinical or postmortem examination between the diseases caused by 
the two viruses once they are established m these animals However, 
in the hog, differences are apparent If it could be postulated, for 
the sake of the present discussion, first that swme influenza etiologically 
is a replica of the human pandemic disease, and second that swine and 
man react alike to infection with virus and bactenum, then the differ- 
ences in the behavior of swine and human influenza virus in the swine 
might very well reflect differences between severe pandemic and milder 
interpandemic human influenza Under this assumption, two dissimi- 
larities between the swine and human viruses, so far as their behavior 
in swine is concerned, acquire importance The first has to do with 
communicability. The disease caused by the swine influenza vims 
is highly contagious, while the human virus is of low communicability 
The other concerns the ability of the two viruses to act synergistically 
with a second organism Swme virus administered in combination 
with H tnfiuenzae sins causes a prostrating illness, an extensive pneu- 
monia, and the bactenum always establishes itself in the respiratory 
tract The human virus, on the other hand, given in combination with 
the same organism, causes a less prostrating illness, a less extensive 
pneumonia and, not infrequently, the bacterium fails to establish 
itself along with the virus in the lower respiratory tract Differences 
such as these in the pathogenic properties of two closely related agents 
could readily account for epidemiological and clmical differences m the 
diseases they caused 

Incidentally, in view of the low communicability in swine of the 
strain of human influenza virus recently prevalent, it seems unlikely 
that it could establish itself in this species and progress to cause any 
widespread or senous epizootic disease such as the 1918 pandemic 
virus supposedly did 

Thus far the discussion has concerned mainly the viruses involved 
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in the influenzas of snine and man WTiat of the r61es played by 
hactena associated Mitli them, II tnjlttenzac sms in tlic sivine disease, 
and n -influenzae, streptococci, pneumococci, and otlier organisms, 
in the human disease? I can speak ivith certamt}' only regarding 
si\inc influenza Herci7 influenzae stits ma?X. be considered a definite 
and indispensable part of the etiological complex It is al\va> s present 
in the respirator\’ tracts of swanc ill of the disease, under natural or 
cxpenmental conditions it transfers with the virus in senes from swine 
to SMine, it can be substituted bv no other known suine pathogen, a 
disease similar to the naturally occurnng suine influenza results only 
when It accompanies the varus in cxpenmental infections, and it en- 
hances the activit) of the varus in a constant and predictable fashion 
I am think of no reason for relegating it to the role of secondary 
invader unless one wished arbitranly to consider the mild filtrate dis- 
ease caused by the varus alone as true swine influenza and the natural 
disease, diagnosed as such in the field, as sometliing else There is 
no evidence to indicate that the filtrate disease exists as a natural 
infection of sw me or that the varus ever invades swine, under farmyard 
conditions, unaccompanied by the organism 
Ihe similarity of H influenzae sins to H influenzae suggests that, 
like the swine influenza varus, it may have had its origin in man 
Because of the apparent indispensibility of the organism to the varus 
in causing the disease, it seems most likclj that both entered swine 
at the same time It would indeed be dilficult to conceive that a 
hactenum, possessing the potential pathogcniaty of this organism, 
should long persist as an unknown saprophyte in swane and acquire 
recognition onlv when a low grade varus happened along to supplement 
Its latent disease-producing capacity 
If n influenzae sms actually did transfer with the varus from man 
to swane in 1918, and if it is a direct descendant of the E influenzae 
then prevalent, w e must ask why, of all the other organisms knowai to 
be involved in human influenza of that time, it alone became estab- 
lished in swine A possible answer, if one wishes to maintain an 
analogy between the swine and human diseases, is that pandemic 
human influenza, like swine influenza, may be a disease of definite 
complex etiology and swnne passage may have served to segregate the 
two essential etiological components from the assortment of strepto- 
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coccij pneiunococci, and other organisms secondarily involved Sepa- 
ration and isolation of pathogenic microorganisms from mixtures by 
inoculation of experimental animals is a well-known and accepted 
laboratory procedure, and it is reasonable to suppose that it might 
occur under natural conditions 

However, it may be a mistake to attempt too close a companson 
between swine and pandemic human influenza by insisting that 
H tnflimizac sms ^nd H. influenzae play analogous roles respectively 
in the two diseases It is possible that, in the human disease, any one 
of a large number of pathogenic microorganisms can act with the virus 
to cause a severe illness and that, of these, only H influenzae could 
become established m swine Thus in 1918, while the human disease 
may have been caused by the virus in conjunction with pneumococci, 
streptococci, H influenzae and other microorganisms, the infections 
that became established in swine were always those only of the virus 
and H. influenzae because these two agents, of all those involved in 
the human disease, may have been the only ones suited to an existence 
in the swine respiratory tract 

A last possibility which must be kept in mind is that human beings 
may react to infection with influenza virus in the same fashion as 
ferrets and mice In this event the virus would be considered the sole 
and primary etiological agent and the bacteria encountered would be 
thought of as merely concomitant and of secondary importance 
Certainly, were it not for swine influenza with its known complex 
etiology of virus and bacterium, it seems likely that the recently 
discovered human influenza virus might now prove entirely acceptable 
as the sole cause of human influenza on the basis of its pathogenic 
activities in ferrets and mice However, the disease caused in ferrets 
and mice by the human influenza virus may be j’ust as highly artificial 
in reflecting the complete etiology of human influenza as is that caused 
in the same animals by swine influenza virus in reflecting the complete 
etiology of the swine disease I think it would be a mistake, at this 
time, to focus aU of our attention on this new virus and to neglect 
further study of the bacteriology of influenza It seems to me that 
aU of the facts at our disposal point toward the probability that the 
virus of human influenza, like that of swine influenza, constitutes only 
a partial etiology of the disease in which it is involved, and that, with 
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respect to Uic influenza he sutlers, man probably resembles the hog 
more closely than he does the ferret or mouse 
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THE SIGNIFICANCE OF ALLERGY IN DISEASE 
EUGrNEL OPIE 

Usigc concerning the meaning of allergy varies tvidely and it seems 
desirable to apply this term, as ongmallj proposed by von Pirquet 
(1906), to the cliangcd state in relation to antigens that follows their 
introduction into the bodj rather than to the phenomena of sensitiza- 
tion alone In this sense it includes both the tissue changes at the site 
of contact with antigen and the acute functional disturbances, such as 
anaphj lactic shock, folloinng dissemination of antigen by way of the 
blood stream In view of its origin and subsequent use it is inadvis- 
able to apply it to changes not related to the phenomena of immunity 

ALLERGY MitUNITY AND SENSITIZATION 

Anaphj lactic shock is an artifiaal phenomenon induced by the 
cxpenmental or therapeutic injection of foreign substances into the 
circulating blood and seldom occurs in the usual course of nature or 
during spontaneous disease Injunous agents ordinarily enter tissue 
spaces after thej' have penetrated the skin or the mucous membranes 
that separate the body from the extenor In the tissue spaces dis- 
semination proceeds slowly and the inflammatorj' reaction of the sen- 
sitized animal bnngs to the injured spot exuded fluid and wandering 
cells, this exuded fluid contains the antibodies that are present in the 
plasma Tissue sensitization is manifested by the ability to react 
with intensified inflammation and perhaps necrosis to an irritant that 
ordinarily produces scant inflammation Foreign protein or tubercu- 
Im introduced into the tissues of a normal animal produces a clearly 
definable but mild inflammatory reaction but in a sensitized animal 
causes superficially evident hjqiercmia and edema The term “allergic 
inflammation” is applicable to the local reaction of sensitization 
Terms such as hyperergy, anergy and hypoergy, normergy and path- 
<^rgy, parergy and heterergy, are often used in the unconsaous effort 
to substitute definable word symbols for vaguely definable phenomena 

Both anaphylactic shock and allergic mflammation produced by 
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foreign proteins are antigen-antibody reactions, subject to passive 
transfer and to desensitization by excess of antigen It is note- 
worthy that anaphylactic shock can be passively produced by re- 
versing the order of introducing antigen and antibody, that is, by 
passively preparing with antigen mtroduced into the blood stream 
and later introducing antibody by the same route (Opie and Furth, 
1926) This reversed reaction has served to remove some of the mys- 
tery from anaphylaxis (Doerr, 1929) because it shows that anaphylaxis 
occurs when antigen and antibody meet, and the same statement is 
demonstrably applicable to allergic inflammation produced by foreign 
protein (Opie, 1924) 

Foreign erythrocytes mj'ected into the skin of guinea pigs sen- 
sitized to them remamed intact for at least a week (Rossle, 1914). 
Levandowsky (1916) found that tubercle bacilli applied to the scan- 
fled skm of a tuberculous animal produced an acute infl amm atory 
reaction (Koch phenomenon) with necrosis, remained intact withm 
the necrotic material and were in large part cast off with it between the 
fourth and seventh days after inoculation 

The fate of foreign protein at the site of allergic inflammation 
(Arthus phenomenon) is better known than that of other similar 
agents For example, crystalline egg albumen, introduced into 
the skin of a normal rabbit spreads widely but produces scant m- 
flammation and readily enters the circulating blood In the allergic 
animal it produces intense inflammation (Arthus phenomenon), 
remains localized and fails to enter the blood (Opie, 1924) Both 
inflammation and antibodies favor the local flxation of the antigen, 
their relative importance is measured with difficulty 

The tuberculm-like reactions have characters of their own, for they 
are elicited in sensitized animals by substances, e g tubercuhn, that 
apparently do not have the characters of an antigen and cannot 
produce sensitization or immunity Rich and Lewis (1932) have 
made the signiflcant observation that cells of tuberculous animals are 
destroyed ^n vitro by the addition of tuberculin, whereas those of 
normal animals are unaffected Aronson (1933) was unable to 
demonstrate a similar relation between the cells of animals sensitized 
to foreign protein and the sensitizing substance Some hypothetical 
agent or antibody responsible for sensitization to tuberculin may be 
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fixed to tissue cells more intimately than that which is associated with 
protein sensitization (see Freund, 1929) 

No attempt will he made to define the nature of asthma, hay fever 
and similar conditions The relation of “atopens” (Coca and Cooke, 
1923) to antigens is as yet ill-deCncd and the domain of “atopic” 
sensitization requires further exploration Passixe atopic sensitiza- 
tion IS the basis of a reaction that can be used quantitatively The 
suggestion that this form of sensitization may be inborn or constitu- 
tional and unrelated to previous contact with the agent that reveals 
It, would if sustained, separate it from other forms of sensitization 

Allergy, in accordance with the meaning assigned to it by von 
Pirquet (1906), is, as with tuberculous infection, characterized by 
sensitization and immunity Sensitization is manifested by height- 
ened reaction to injury, that is, by allergic inflammation, which in its 
sc\ crest form, as with other inflammation, is associated with necrosis 
of tissue Manifestations of immunity arc antibody formation and 
increased resistance to infection It is very well knoivn that in some 
infections immunity may occur with inconspicuous, if any, sensitiza- 
tion Allergic inflammation is one of the cliaracteristic phenomena 
of tuberculosis of man and of the guinea pig, but is not evident with 
tuberculous infection of rat or of dog Angexanc (1936) produced 
intense sensitization with an avirulcnt strain of hemolytic strep- 
tococcus and little xvith a vinilcnt stram Toxins may produce 
sensitization but antitoxic immunity is usually unaccompanied by 
evident sensitization 

Even should x\e assume that sensitization and resistance arc depend- 
ent upon identical antibodies no constant parallel between the two 
should be ex-pected, for the manifestation of allergic inflammation on 
the one hand and resistance to bacterial invasion on the other are each 
dependent on factors peculiar to itself Furthermore, antigens of bac- 
teria and of serum, for example, arc usually multiple and not sunple 
antigens A rabbit treated w ith ciystallme egg albumen may be com- 
pletely desensitized by injecting this substance into the blood stream, 
antibodies disappear from the blood and allergic inflammation is no 
longer obtainable (Opie, 1924) With complex antigens such as horse 
serum or egg xvhite, on the contrary, complete loss of skin sensitization 
and of antibodies fails to occur Desensitization to allergic inflamma- 
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tion (Rich, Jennings and Downing, 1933) is compatible with immunity 
if the two are referable to different antigen fractions Indeed, con- 
tinued efforts to maintain desensitization during the course of a 
chronic disease such as tuberculosis might by repeated mjection of 
antigens mcrease rather than diminish immunization as (m experiments 
of Derrick, Branch and Crane, 1935) 

(1) Allergic inflammation fixes antigen at the site of its penetration 
into the tissues, prevents its entrance into the blood stream and thus 
prevents anaphylactic shock and other injury of mternal organs 

(2) Tissue sensitization manifested by allergic inflammation on the 
one hand and immunity on the other may occur separately, the two 
do not necessarily pursue a parallel course and desensitization may 
eliminate one but not the other Nevertheless it is not evident that 
they are wholly mdependent phenomena 

ALLERGY DURING THE COURSE OF DISEASE 

Tuberculosis affords the best illustration of changes in the course of a 
disease referable to allergy The adult or remfection type of pulmo- 
nary tuberculosis owes its peculiar characters to immunity and sen- 
sitization following a first infection It would not be profitable at the 
present time to discuss the relation of sensitization to resistance in 
diseases such as syphilis, typhoid fever, or undulant fever, m which the 
luetin, typhoidm or abortin reaction gives more or less decisive infor- 
mation concernmg tissue sensitization to products of the microor- 
ganisms concerned The followmg discussion will be limited to the 
allergic phenomena of tuberculosis and of streptococcus mfections 
because the evidence that has accumulated, in great part experimental, 
helps to define the limitation of present knowledge concerning the 
relation of sensitization to immunity 

Tuberculosis Attempts to mterpret the symptoms and lesions of 
human tuberculosis, e g tuberculous pneumonia, caseation or cavity 
formation, in terms of sensitization would be unprofitable with present 
knowledge but experimental observations give significant information 
concerning the influence of allergic inflammation upon the patho- 
genesis of the disease 

Tubercles are formed more rapidly in the allergic than in the 
normal animal and recent observations have shown that both polymor- 
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phonudcar leucocytes and macrophages accumulate more rapidl}' m 
the former In the lungs, liver, spleen and other organs of allergic 
animals that resist infection, tubercle bacilli are destroyed more 
rapidh than in animals that have been normal before inoculation 
(Lurie, 1929) Sensitiration under certain conditions may favor the 
occurrence of caseation but in general tuberculous lesions are more 
extensive and caseation less conspicuous in allergic than m previously 
normal animals provided the microorganism is not present in such 
number that it multiplies without restraint Resolution of tubercu- 
lous pneumonia occurs more readily in the allergic animal (Nichols, 
1905, Burke, 1935) The sensitired animals react to infection avith 
greater intensity than normal animals and the mass of newly formed 
tissue may be more extensive for a time in the former, but ultimately 
these lesions retrogress and the animals that temporarily seemed more 
susceptible show resistance considerablj in excess of that of animals 
normal at the time of inoculation 

Dunng the course of c.xpcrimcntal tuberculous infection, sensitiza- 
tion manifested bj the tuberculin reaction on the one hand and anti- 
bod> formation best measured by complement fixation on the other 
do not pursue a parallel course Following inoculation both are 
evident within from two to three weeks, increase to a maximum and 
remain elevated, the intcnsit} of the tuberculin reaction is subject to 
considerable variation but the titer of complement fixation tends to 
remain constant Several weeks before death skin sensitization 
diminishes and usually disappears but complement fixation is almost 
unchanged (Freund, Laidlaw and Mansfield, 1936) It is note- 
worthj that desensitization may be produced by administration of a 
considerable quantity of tuberculin, so that the skin reaetion dis- 
appears completely but the titer of complement fixation is only 
shghtlj reduced (Freund and ^lansfield, 1936) 

In reinfected guinea pigs Krause and Wilhs (1925) found that 
tubercle bacilli pass more slowl> from the site of injection to the 
neighbonng Ij-mph nodes than in previously normal anunals Inocu- 
lation of excised tissue into guinea pigs demonstrated that the passage 
ui the normal animal occurred m 24 hours, whereas in the remfected 
anunal it required two or three weeks Thej attributed this retarda- 
tion to fixation of bactena at the site of a heightened mflammatory 
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reaction In rabbits repeatedly injected with dead tubercle bacilli 
Freund (1932) and Freund and Angevme (1936) found sunilar inhibi- 
tion of dissemination when human tubercle bacilli were moculated into 
the skin but very little was evident when the more virulent bovme 
bacillus was used 

Infection with non-hemolytic streptococci Hypersensitiveness fol- 
lowing inoculation with non-hemolytic streptococci (pathogenic strains 
of Streptococcus vindans and numerous strains of indifferent strep- 
tococci) has been carefully studied in rabbits by Swift and his co- 
workers This condition is characterized by mcreased reactivity of 
the skm after intracutaneous moculation, corneal inflammation pro- 
duced by bacterial sediment and toxic reactions followmg intravenous 
mjection (Derrick and Swift, 1929) These reactions are regarded as 
analogous to those produced by tuberculm because they were not 
demonstrably dependent upon the presence of antibodies in the serum 
and could not be transferred passively from one animal to another 
(Derrick and Andrews, 1926) 

The site of inj'ection influences profoundly sensitization to non- 
hemolytic streptococci Rabbits can be made sensitive by repeated 
mtracutaneous injections of streptococci so that subsequent skin 
inoculation produces greatly exaggerated lesions (Derrick and Andrews 
and Swift, 1926), intravenous injections on the contrary increase 
resistance against mvasion of the skin so that the resultmg lesion is 
smaller than that produced by cutaneous inoculation of normal 
animals (Swift and Derrick, 1929) These phenomena have been 
analyzed by McEwen and Swift (1935), intravenous moculation 
produces scant skm sensitization to the intact cocci, to their nucleo- 
protein or to their carbohydrate fraction, but induces the formation of 
abundant agglutinating or precipitating antibodies to them Intra- 
cutaneous inoculation produces skm sensitization to the cocci them- 
selves, to nucleo-protems and to the carbohydrate fraction, but no 
demonstrable antibodies to these substances It is evident that 
agglutinogen and precipitmogen do not enter the blood stream from 
the site of cutaneous inoculation m sufficient quantity to bring about 
the formation of the correspondmg antibodies 

A phenomenon of much significance from the standpomt of the 
pathogenesis of disease recallmg the focal reaction of tuberculin has 
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been described bv Andrews, Derrick and Swift (1926) When non- 
hemoljtic streptococci including grccn-producing and indifferent 
strains arc injected into the skin of rabbits they produce a focus of 
inflammation that reaches a maximum size in from 24 to 48 hours and 
then retrogresses, about the eighth or ninth day m many animals the 
lesion increases conspicuously m size, remains enlarged during two 
or three days, and then disappears Coincident with the appearance 
of this secondary reaction the animal has become hypersensitive to the 
strcptococa with whidi it has been inoculated and exhibits cutaneous, 
corneal and toxic reactions similar to those produced by tuberculin 
(Derrick and Swift, 1929) It is assumed that a sufficient amount of 
residual antigen remains at the site of inoculation to react by recur- 
rence of acute inflammation when the animal has developed hyper- 
scnsitivencss as the result of inoculation with the microorganism 
Many observers have reached the conclusion that tubercle forma- 
tion is essential to the production of sensitization to products of the 
tubercle bacillus Multiple small quantities of non-hemolytic strep- 
tococci introduced into the skin produced more effectixe sensitization 
than a single large inoculum (Derrick, Hitchcock and Swift, 1930) 
The tuberculin tj^ie of sensitization associated with infection by 
tubercle bacilli, streptococci and doubtless many other microorgan- 
isms IS caused by some agent, not demonstrable by the usual tests for 
antibodies, it arises perhaps in local lesions and finds its way by the 
blood stream to otlier tissues of the body It forms a very intimate 
union with them and brings about sensitization 
Tnjcciwn with hemolytic strcptococa Sensitization during the course 
of infection with hemolytic streptococci has characters that deserve 
consideration Avirulent hemolytic streptococci repeatedly injected 
into the skin of rabbits cause sensitization characterized by more 
intense inflammation and more necrosis than m the normal animal 
(Angevine, 1934), the lesion is more sharplj circumscribed The 
microorganism multiplies more rapidly during the first five hours at the 
site of mjection than in normal animals and persists somewhat longer 
When injected mto the skin of the flank of sensitized rabbits strep- 
tococci reach the inguinal lymph nodes in much smaller number tban 
in the normal animal and only dunng the first hour after inoculation 
In the normal anunal streptococci pass from the superficial to the deep 
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lymph nodes and reach the blood or mtemal organs, but m the sensi- 
tized anmials none are found m deep lymph nodes, blood or mternal 
organs In sensitized animals injury with necrosis at the site of 
injection favors the local multiplication of streptococci and explams 
their survival at a time when they have disappeared m the controls 
In association with the more intense inflammatory reaction in sensi- 
tized animals streptococci are fixed at the site of entry, pass to lymph 
nodes in much smaller number and fail to reach the blood or internal 
organs 

Virulent streptococci, unlike the avirulent, are charactenzed by 
their ability to spread widely in the tissue of normal animals and to 
enter lymph nodes, blood stream and internal organs (Angevine, 1936) 
Repeated moculation causes immunization with inhibition of these 
invasive characters The virulent microorganism is a very effective 
immunizing agent and the animal that has received virulent hemolytic 
streptococci reacts with diminishing severity to the living microor- 
ganism and its products The virulence of a microorganism which is 
one factor that deteimmes its ability to injure tissue and spread in the 
body is perhaps dependent on some agent that may produce an un- 
munity opposed to the phenomena of sensitization Virulence and 
sensitization are perhaps dependent upon different antigens 

Experiments of Dochez and Sherman (1925) have shown that it is 
possible to sensitize guinea pigs to filtrates of scarlatmal streptococci 
and since these skin reactions are neutralized by antitoxic sera it has 
been suggested that sensitization has been caused by toxin With 
filtrate from streptococcus of erysipelas Dochez and Stevens (1927) 
have found that skm reactions in the early stages of sensitization are 
produced by a thermolabile constituent of the filtrate and are pre- 
vented by mixing the filtrate mth antitoxin At a later stage re- 
actions are produced by heated filtrate and can no longer be neutral- 
ized These experiments have been cited by those who support the 
suggestion that the rash of scarlet fever is a sensitization phenomenon 
Mackie and McLachlin (1927) and Hooker (1933) have made observa- 
tions contrary to them and the latter has assembled evidence which, 
as he believes, demonstrates the toxic origin of the scarlatinal rash 

Allergic injiammation and eosinophilm A brief discussion of the 
relation of eosmophilia to tissue sensitization may be appended to the 



SIGNIFICA^Cr: OF AlIXRGy IN DISEASE 


497 


present consideration of the influence of allergy on the course of dis- 
ease A heightened inflammatorv reaction with accelerated accumu- 
lation of both granulocytes and mononuclear cells is characteristic of 
tissue scnsiti7ation It is noteworthy that it follow's the usual course 
of inflammation with pnmary exudation of polymorphonuclear granu- 
loc} tes followed by accumulation of histiocytes with ability to act as 
phagocj’tes The local eosmophilia and the eosmophile leucocytosis of 
asthma arc well known and the relation of eosmophilia to sensitization 
has been mucli discussed Sclilccht and Schwenken (1912), Herrick 
(1913), and others haye maintained that a first injection of extract 
prepared from an entozoan parasite produces no eosmophilia but with 
repeated injections it becomes eyidcnt The illuminating study of 
Weinberg and Segum (1914) has shown that products of certain para- 
sitic worms, namely, fluid from echinococcus cysts or extract of hook- 
worms, bring about local accumulation of eosinophiles when they are 
first introduced into the tissues Repeated injections greatly accel- 
erate the local accumulation of eosinophiles and increase the number 
of eosinophiles in the blood to from 11 to 35 per cent In guinea pigs 
sensitized to horse scrum and to egg white, Longcopc (1913) found 
local eosmophilia but none m rabbits or m cats Sensitization intensi- 
fies the accumulation of eosinophiles as well as that of other wander- 
ing cells 

ALIXRGIC DISEASE 

The foregoing discussion has shown that the course and lesions of 
certain infectious diseases arc profoundly modified by the phenomena 
of sensitization An essentially difi'erent relation is proposed by the 
hypothesis that certain diseases, for example, rheumatic fewer and 
asthma, are allergic diseases This hypothesis assumes that sensitiza- 
tion to the action of a microorganism, a group of microorganisms or 
some other substance precedes the impact with the inciting agent 
that produces the disease, that is, the mdiyidual must be sensitized 
before he can acquire the disease 

Allergic injlammation produced by foreign prolan Foreign protein 
mtroduced into sensitized animals produces conspicuous changes 
whicli a considerable group of observers maintain are characteristic of 
“allergic” disease and constitute a model for its recognition It is 
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generally agreed that the essential characters of “serum disease” are 
referable to allergic phenomena 

Much emphasis has been placed upon the swellmg of connective 
tissue fibrils described by Gerlach (1923) in association with the 
Arthus phenomenon, and usually designated fibrmoid degeneration 
With swellmg of collagenous fibrils fibrous bundles become homo- 
geneous The change is associated with oedema and the swollen 
intercellular substance often gives the staming reactions of fibrm 
Some pathologists regard this lesion as characteristic of allergic disease 
Klinge (1929) has injected horse serum into the joint cavity of rabbits 
and has found m the adjacent soft tissue foci of necrosis characterized 
by this form of collagenous degeneration On their periphery there 
is a cellular reaction with proliferation of histiocytes and occasional 
formation of giant cells 

Many experiments have been performed to determine what lesions 
are produced by foreign protein mtroduced into the blood stream of 
animals sensitized to it Longcope (1913) has found that repeated 
intravenous injection of horse serum causes necrosis of muscle fibers 
of the heart associated with accumulation of mononuclear cells and 
ultimate formation of patches of fibrous tissue Focal necrosis at 
the penphery of the liver lobule is followed by new formation of 
fibrous tissue In the kidney in association with albuminuria there 
is necrosis of epithelium, especially of the loops of Henle and collecting 
tubules, and accumulation of mononuclear cells Less conspicuous 
are changes in the glomeruli characterized by proliferation of endo- 
thelial cells of the capillanes, occasionally by proliferation of capsular 
epithelium with crescent formation, in the later stages by hyaline 
degeneration of glomeruli 

It is noteworthy that repeated injection of substances mto the blood 
stream is not well adapted to determine the relation of sensitization 
to the production of lesions, recurrent injury may produce grave 
change in the absence of sensitization To exclude this possibility 
sensitization may be produced by subcutaneous mj'ection of the anti- 
gen followed by a single intravascular injection 

Foreign serum introduced into the blood stream of a sensitized ani- 
mal seldom produces conspicuous inflammation in the heart, liver, 
kidney and other organs unless the quantity administered is very 
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large Vaubel (1932) has produced arteritis onlj when he injected 
serum m great quantitj (10 to 30 cc ) into tlie i enous sj stem of sensi- 
tized rabbits Knepper (1935) has suggested that the endothelium 
affords an effective barrier against the penetration of foreign protein 
into sensitized tissue Direct injection of scrum into the ligatured 
blood vessel of an animal sensitized to it (Migounow, 1934) produces, 
as it maj be expected, acute inflammation of the vessel wall, compar- 
able to the Arthus phenomenon of the skin Under similar condi- 
tions scrum injected into renal arterj' wath temporarj' compression of 
arterj' and vein is followed b> inflammatorj changes in the kidney 
with proliferation of capillar) endothelium of the glomcrulai: tufts 
(Masugi and Sato, 1934) 

Much attention has been given to tlic conditions that permit 
foreign protein to pass from the blood stream and produce local lesions 
of internal organs Auer (1920) showed that the car of a rabbit 
sensitized wath horse serum undergoes necrosis if preceding the in- 
jection of the scrum the car has been gently rubbed wath xylol He 
assumes that the mflammation caused by xjlol brings about the 
accumulation of the antigen within the tissues of the ear and here 
reacts w ith the sensitized tissue Heat (immersion of the ear m water 
at 40°C for a half hour) and cold (snow applied to tlic thigh for a half 
hour) similarly cause localized allergic inflammation at the site of 
irritation (Knepper, 1935) Several writers have found m these 
experiments a partial explanation of the cliaractcnstic localization of 
lesions they regard as allergic in rheumatism and other diseases, but 
the nature of the sensitizing antigen and of the localizing agent are 
both uncertam Knepper (1934) believes that he has reproduced the 
hepatic and renal lesions of eclampsia by repeated sunultaneous 
injections of horse scrum and hormone of the posterior lobe of the 
hypoph>sis, injurious action of Uic hormones in large amount he 
believes causes injur) to the h\ er and brings antigen into contact w ith 
sensitized tissue 

Morphological similarity between lesions of arteries and veins 
produced by intmvnscular injection of foreign serum in large quantity 
into sensitized animals and those in necrotizing arteritis or peri- 
arteritis nodosa has been noted (Klinger andVaubel, 1931 , Masugi and 
Isibasi, 1936), the occurrence jj^-nfration of white fibrous 
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general!}^ agreed that the essential characters of “serum disease” are 
referable to allergic phenomena 

Much emphasis has been placed upon the swelling of connective 
tissue fibrils described by Gerlach (1923) in association with the 
Arthus phenomenon, and usually designated fibrmoid degeneration 
With swelling of collagenous fibrils fibrous bundles become homo- 
geneous The change is associated with oedema and the swollen 
intercellular substance often gives the staining reactions of fibrm 
Some pathologists regard this lesion as characteristic of allergic disease 
Klinge (1929) has injected horse serum into the joint cavity of rabbits 
and has found in the adj'acent soft tissue foci of necrosis characterized 
by this form of collagenous degeneration On their periphery there 
is a cellular reaction with proliferation of histiocytes and occasional 
formation of giant cells 

Many experiments have been performed to determine what lesions 
are produced by foreign protein introduced mto the blood stream of 
animals sensitized to it Longcope (1913) has found that repeated 
intravenous inj'ection of horse serum causes necrosis of muscle fibers 
of the heart associated with accumulation of mononuclear cells and 
ultimate formation of patches of fibrous tissue Focal necrosis at 
tlie periphery of the liver lobule is followed by new formation of 
fibrous tissue In the kidney m association with albuminuria there 
is necrosis of epithelium, especially of the loops of Henle and collecting 
tubules, and accumulation of mononuclear cells. Less conspicuous 
are changes in the glomeruli characterized by proliferation of endo- 
thelial cells of the capillaries, occasionally by proliferation of capsular 
epithelium with crescent formation, in the later stages by hyahne 
degeneration of glomeruli 

It is noteworthy that repeated injection of substances into the blood 
stream is not well adapted to determme the relation of sensitization 
to the production of lesions, recurrent mjury may produce grave 
change in the absence of sensitization To exclude this possibility 
sensitization may be produced by subcutaneous injection of the anti- 
gen followed by a single mtravascular mjection 

Foreign serum introduced into the blood stream of a sensitized ani- 
mal seldom produces conspicuous inflammation m the heart, liver, 
kidney and other organs unless the quantity administered is very 
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large Vaubcl (1932) lias produced arteritis only when he injected 
serum m great quantitj (10 to 30 cc ) into the venous system of sensi- 
tized rabbits Knepper (1935) has suggested that the endothelium 
affords an effective barrier against the penetration of foreign protein 
into sensitized tissue Direct injection of scrum into the ligatured 
blood vessel of an animal sensitized to it (Migounoiv , 1934) produces, 
as it may be expected, acute inflammation of the vessel wall, compar- 
able to the Arthus phenomenon of the skin Under smiilar condi- 
tions scrum injected into renal artery with temporary compression of 
arterj' and vein is followed by inflammatory changes in the kidney 
with proliferation of capillarj’ endothelium of the glomerular tufts 
(Masugi and Sato, 1934) 

Much attention has been given to the conditions that permit 
foreign protein to pass from the blood stream and produce local lesions 
of internal organs Auer (1920) showed that the ear of a rabbit 
sensitized with horse scrum undergoes necrosis if preceding the in- 
jection of the scrum the car has been gently rubbed with \>lol He 
assumes that the mflammation caused by xylol brings about the 
accumulation of the antigen within the tissues of the ear and here 
reacts w ith the sensitized tissue Heat (immersion of the ear m water 
at 40°C for a half hour) and cold (snow applied to the thigh for a half 
hour) sunilarly cause localized allergic inflammation at the site of 
irritation (Knepper, 1935) Several wnters have found in these 
experiments a partial explanation of the characteristic localization of 
lesions they regard as allergic in rheumatism and other diseases, but 
the nature of the sensitizing antigen and of the localizing agent are 
both uncertain Knepper (1934) believes that he has reproduced the 
hepatic and renal lesions of eclampsia by repeated simultaneous 
injections of horse serum and hormone of the posterior lobe of the 
hjiiophysis, injunous action of the hormones in large amount he 
believes causes injury to the liver and brings antigen mto contact with 
sensitized tissue 

Morphological similarity between lesions of arteries arid veins 
produced by intravascular injection of foreign serum in large quantity 
into sensitized anunals and those in necrotizmg arteritis or peri- 
arteritis nodosa has been noted (Klinger and Vaubel, 1931 , Masugi and 
Jsibasi, 1936), the occurrence of fibnnoid degeneration of white fibrous 
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tissue being regarded as especially significant The experimental 
evidence described by Knepper (1935) m support of the suggestion 
that peptic ulcer and cirrhosis may be produced by allergic inflam- 
mation in association with excessive use of alcohol is not convmcmg 

Rheumatic fever The occurrence of polyarthritis m association 
with serum sickness has suggested an analogy with rheumatic fever, a 
good many years ago (Weintraub, 1913) Injection of foreign serum 
(Fnedberger, 1931) mto jomts of animals sensitized to the same serum, 
as it might be expected, usually causes severe arthritis, but efforts to 
sensitize the jomts themselves by products of streptococci so that the 
microorganism later mtroduced mto the blood stream produces ar- 
thritis have failed (Swift and Boots, 1923) 

Skm sensitization to products of streptococci occurs in association 
with rheumatic fever Patients with the disease react more fre- 
quently to cutaneous mjection of filtrates or of nucleo-protems from 
indifferent and from green streptococci than other persons with no 
evidence of rheumatic disease (Birkhaug, 1927, Kaiser, 1928, Swift, 
Wilson and Todd, 1929) Febrile responses of rheumatic patients to 
intravenous injection of products of streptococci (Small, 1927, Swift, 
Hitchcock and Derrick, 1928) are similar to the toxic reaction of tuber- 
culous patients to tuberculin Hypersensitiveness with rheumatic 
fever includes streptococci as a group and is not specific for one type 
It is, however, noteworthy that many persons with no rheumatic 
disease are sensitive to products of streptococci (Bristol, 1923, Macken- 
zie and Hanger, 1927) 

By mjecting foreign serum into the joints of rabbits sensitized to the 
same serum Klmge (1929) has produced local and generalized changes 
which he regards as analogous to those of rheumatic fever The so- 
called fibrinoid degeneration of fibrous tissue with surrounding cellular 
reaction occurs in the soft tissues of the joint After serum injection 
into the joints of sensitized animals Klmge finds changes m the myo- 
cardium and in other tissues similar to those that follow mtravenous 
injection and, he believes, reproduce the essential histological features 
of rheumatic lesions His opinion that lesions produced by foreign 
serum m sensitized animals are characteristic of allergic inflammation 
and serve to identify the allergic origin of human disease has been 
accepted by a number of pathologists The peculiar lesion of rheu- 
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imtic fever, namely, the Aschoff body, vvitli its fibrinoid degeneration 
and cellular proliferation is, the> believe, a tjTncal instance of allergic 
inflammation Nevertheless, Aschoff (1935) states that the lesions 
of serum sensitization do not accurately reproduce those of rheumatic 
fever 

The appearance of antibodies against chemical fractions of hemo- 
Ijtic streptococci about the time of onset of rheumatic symptoms 
(Cobum and Pauli, 1932, Todd, 1932) suggests that hemolytic strep- 
tococcus infection has recently occurred and clinical observations 
support this relation (Sheldon, 1931, Collis, 1931, Cobum and Piuli, 
1935) It may be assumed that the presence of streptococcus anti- 
bodies (prccipitins, antihcraolysins, etc ) is the result of hemolytic 
infection rather than a characteristic of the rheumatic state 

On the one hand, tonsillitis and other infections with hemolytic 
streptococci often precede acute manifestations of rheumatic fever 
and appearance of the latter raa> be coincident with the appearance of 
specific antibodies, on the otlicr band, non-hemolytic streptococci 
have been recovered from patients suffering from the disease It is 
true that the peculiar lesion of rheumatic fever, namel>, the Aschoff 
bodj , has some diameters in common with lesions produced by semm 
sensitization Ncv-erthcless evudence that sensitization to products of 
one or manv tj-pes of streptococci is an essential precursor to the 
occurrence of rheumatic fever is as jet lacking 

GlomcruJoncphnUs Acute glomerular nephritis appeanng as a 
complication of acute infection wath hemolytic streptococci usually 
during conv^alesccncc maj^ be referable to sensitization (Schick, 1907, 
von Pirquet, 1911) I" '>ow of the suggestion that the rash of scar- 
let fev cr is an allergic reaction, it is noteworthv that the Dick reaction 
disappears as rapidlj m scarlatinal patients who develop acute ne- 
phntis as m those that pursue an uncomplicated course Longcope 
(1929) has found that patients wath acute and subacute ncphntis 
following acute tonsilitis maj exhibit exaggerated slan reactions to 
filtrates of broth cultures of hemoljtic streptococa 

Experimental studies on the one hand furnish uncertam evidence 
of the rdation of hjTieisensiUveness to the production of glomerular 
■'cplintis and on the other hand glomerular nephritis se^s to have 
been produced m the absence of allergic phenomena The czpen- 
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ments of Klmge and Knepper (1935) and of Knepper (1935) in which 
glomerular nephritis was found in several rabbits that survived thirty 
mtraperitoneal injections in great doses (10 cc ) of an emulsion of 
rabbit’s kidney, in each instance accompanied by intravenous injec- 
tion of 2 cc of pig’s serum, have doubtful significance Experimental 
production of glomerular lesions has been somewhat more successful 
with non-hemolytic than with hemolytic streptococci, but the result- 
ing lesions seem to have been focal rather than diffuse 

Focal glomerulonephritis with thrombosis of capillary loops of the 
glomerular tufts similar to that associated with human bacterial 
endocarditis caused by Streptococcus viridans has been produced 
experimentally both by single and by repeated introduction of the 
microorganism into the veins of animals (Kinsella and Sherburn, 1922, 
in dogs, Clawson, m rabbits. Rich, Bumstead and Frobisher, 1929) 
By repeated mjection of B coli. Streptococcus viridans or Staphy- 
lococcus aureus in immense doses (up to 10 to 20 cc of an emulsion 
containmg the culture from one to three agar tubes) repeated 6 to 19 
times at mtervals of several days, Masugi and Isibasi (1936) produced 
in some instances abscesses and m others glomerular nephritis char- 
acterized by proliferation of endothelial cells of the glomerular capil- 
laries It is doubtful if these lesions occur as the result of sensitiza- 
tion or as the result of repeated contact of the capillary endothelium 
with microorganisms brought by the blood stream in great number. 
Allergy is evidently not essential to the occurrence of diffuse glomer- 
ulonephritis for Masugi (1934) and Fahr (1935) have described the 
production of diffuse glomerular nephritis resembling the human 
lesion by a single injection of what they designate as nephrotoxic 
serum 

The evidence that is available gives little support to the opinion that 
the diffuse glomerulonephntis that follows infection with hemolytic 
streptococci is referable to specific sensitization to products of this 
microorganism but it does not exclude this plausible suggestion 

Lohar pneumonia At the begmnmg of the century Wadsworth 
(1904) found that virulent pneumococci mjected into the trachea of 
normal rabbits caused fatal bacteremia, m some instances associated 
with bronchopneumonia, whereas when previously moculated animals 
were treated in the same way there was diffuse inflammation of the 
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lungs, perhaps comparable to lobar pneumonia, and no invasion of the 
blood stream Inhibition of bacteremia has been repeatedly con- 
firmed but the production of lobar pneumonia has been questioned 
The occurrence of widespread inflammation of the lungs with some of 
the cliaracters of lobar pneumonia, following the introduction of 
foreign scrum into the trachea of rabbits sensitized to the same protein 
(Fried, 1933), gi\cs little insight into the pathogenesis of lobar 
pneumonia Sharp and Hlake (1930) sensitized rabbits to autolysates 
of pneumococci and found that they produced diffuse inflammation 
of the lung when injected into the trachea of sensitized animals, 
whereas in normal animals there was no e\ idcnt caudate 

In rabbits repeatedly injected intracutaneously with killed pneu- 
mococci cutaneous and corneal hj pcrscnsitivcncss may be demon- 
strated with nuclco-protein of pneumococcus and wnth filtrates from 
which coagulablc proteins have been removed (Julianellc and Rhoads, 
1932), but when these animals rccciac intravenous injections of 
pneumococci the histological changes in the lungs are not different 
from those that follow similar injections into normal animals The 
lesion produced by Sluppy, Cannon and Falk (1931), when they in- 
jected Type I, n and III pneumococci into the bronchi of rabbits that 
had received repeated injections of the corresponding microorganism 
below the buccal mucosa or by insuflation, did not have the gross 
or microscopical characters of lobar pneumonia It is noteworthy 
that Opie, Blake, Rivers, Small and Freeman (1921), and Blake and 
Ccnl (1930), have produced typical lobar pneumonia in monkeys by 
injecting small quantities of pneumococci into the trachea of normal 
animals, sensitization is evndently not essential to the production of 
lobar pneumonia in these animals 

Antigen derived from pneumococcus produces no skin reaction dur- 
ing the acute stage of lobar pneumonia but dunng convalescence a 
large proportion of patients develop cutaneous hypersensitiveness 
(Clough, 1915 , Herrold and Traut, 1927, etc ) Dunng convalescence 
from pneumonia the polysaccharide of the pneumococcus produces an 
immediate skin reaction which runs its course in one or two hours 
(Tillett and Francis, 1929), whereas pneumococcus protein produces a 
persistent reaction similar to that of tuberculin Hj'persensitiv eness 
to polysaccharides in rabbits is associated with resistance to the 
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pneumococcus but hypersensitiveness to the protein is not accompa- 
nied by protection 

If previously sensitized persons contract lobar pneumonia it must be 
assumed that desensitization occurs during the acute stage of the 
disease Experimental and clmical observations have given no 
conclusive evidence that sensitization to products of the pneumococcus 
determines the peculiar characters of lobar pneumonia They indi- 
cate that allerg}”- (sensitization and unmunity) may profoundly modify 
its course 

Allergic inflammation which is the characteristic manifestation of 
sensitization of tissue is produced by many microorganisms, by 
products derived from them, by foreign proteins and perhaps by some 
other substances Sensitization may be associated with immunity 
characterized by antibody formation and resistance but there is no 
necessary parallel between the two In the complex mixtures of 
antigens that constitute bactena, sensitization and immunity may be 
produced by different antigens, but this relation does not exclude the 
possibility that in some instances both may be caused by the same 
agent The tuberculin type of sensitization differs from that pro- 
duced by the proteins of foreign sera because it is unassociated with 
antibodies that serve to transfer it passively by the usual procedure 
from one animal to another Nevertheless, in association with the 
development of local lesions tissues in all parts of the body become 
more sensitive to the action of the inciting agent and react with allergic 
inflammation to it 

With allergic inflammation all of the elements that constitute an 
mflammatoiy exudate, namely, serum, fibrin, granulocytes, mcludmg 
eosmophilic leucocytes, and histiocytes, accumulate with greater 
rapidity and in greater number than in the normal animal, antibodies 
if present m the blood are brought to the site of inflammation m 
increased quantity These processes fix both foreign proteins, 
mcludmg doubtless those denved from microorganisms, and micro- 
organisms themselves, at the site of mflammation so that passage 
from the site of inoculation mto the blood stream is prevented In- 
tensified mflammation at the site of entrance of the injurious agent 
protects mtemal organs and m consequence anaphylactic shock is 
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unlikely to occur under natural conditions In this process of local 
fixation it IS not possible to estimate the relative importance of anti- 
bodies, of phagocj tes and of the inflammatorv reaction itself In the 
sensitircd animal both flxation and destruction of bacteria occur locally 
and in the regional hmiph nodes 

There is an inv'erse relation between the virulence of certain bacteria 
and their ability to induce allergic inflammation The two factors arc 
probably dependent upon dilTcrcnt antigenic agents 
Experimental studies supported b> clinical obscrv'ations have shown 
that the course and lesions of certain diseases, notably tuberculosis 
and mfection with streptococci, are profoundly modified by allergic 
inflammation The peculiar characters of the adult or reinfection 
tj’pe of pulmonary’ tuberculosis arc referable to allergy’ induced by a 
first infection 

The evidence assembled to show that allergy is essential to the 
production of certain diseases, for example, rheumatic fever, glomer- 
ular nephntib and lobar pneumonia, is inconclusive even though it is 
evident that allergic phenomena modify' their course It would be 
unwise to attempt the elaboration of postulates defining allergic 
disease after the model of Koch’s postulates concerning the causation 
of infectious diseases Nevertheless certain conditions must be ful- 
filled before the allergic origin of a disease can be established It must 
be shown that sensitization precedes the production of the disease by 
Its inciting agent T his inciting agent must be capable of reproducing 
the disease experimentally in sensitized animals The inciting agent 
must be demonstrable in such relation to the human disease that its 
symptomatology and lesions are explainable Though much sug- 
gestive evidence has been collected, these conditions have not as yet 
been fulfilled for any infectious disease 
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